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Fallout Nutrients Supply in the Watershed of Lake Kasumigaura .

Yoshinari: AMBE!

Abstract ) )

To estimate the amounts of nutrients entering in the lake from the atmosphere,
the concentrations of total-P, NH4-N, NO;-N and NO;-N were determined for the
fallout samples collected at NIES monthly in the period from June 1977 to July
1983. The amounts of fallout nutrients per area per month were calculated as shown

"in table 1. Assuming that these values can be applied for the whole area of the sur-
face of Lake Kasumigaura, the yearly amounts of fallouts of total phosphorus and
total inorganic nitrogen were estimated as 6 ton/year and 175 ton/year respectively,

These values are nearly comparable to those of the major rivers flowing into the
lake. o

The secular variation of the fallout of total nitrogen showed 2 remarkable trend of
increase during this period. This fact is considered to have any relation with atmos-
pheric pollution,
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Table 1 Monthly Amounts of Fallout Nutrients at NIES, Tsukuba

(normalized value)

Total PO,-P NH-N NQ,-N NO,-N Tetal-N
1977 June 3.04 ( 3.04 77.9 (7.9 0.64 (0.64) 13.6 (13, 6 92.1 { 92.1)
July 1.48 (143 66. 3 (64. 2) L1 C1on 27.1 (26, 2) 94,5 ¢ 91.5)
Aug. 3.27 (3.6 77.5 (75. &) 119 € 1.15) 18.7 (18, D 97,4 ( 94.3)
Sept. 0.48 € 0.48) 39.3 (39. 3 2.8 (2.86) 17. 6 (17. 6 59.8 ( 59.8)
Oct. 0.88 (0.8 16. 2 (15. 2 b.47 (1.38) 8.1 (7.8 25.8 (24.2)
Nov. 4.33 (448 38.5 (39. 8) 0.84 € 0.8D 4.6 (15. 1 53.9 (55.8)
Dec. 1.23 (1.3D 20. 0 (21. 4 0.14 €0.15 9.1 ( 9.8 29.2 (3.9
1978 Jan. 2,25 {1.99 0.7 (27. 1 1.13 ¢ 1.10 14.1 (12, 4 45.9 { 40.5)
Feb. 3.40 (3.5 25. 0 (259 22.53 {23.31) 18.3 (18.9 6.8 {63.1)
Mar. 472 (4.7 56. 2 (56. 2) 1.15 (1.18 25.8 (25 8 83.2 (832
Apr. 6.91 ( 6.69) 60.9 (58. 9 0.85 (0.82) %.5 (25. 7 88.3 (85.5)
May 4.30 (4.3 65.9 (65. 9 0.80 C(0.80) 33,04 (33 4 100.1 (100.1)
June 3.44 (3.3 43.6 (42. 2 0.72 (0.70) 29.6 (28. 7 73.9 (71.5
Tuly 2.46 ( 2.48) 4.1 (4. D 0.51 (0.51) 16.0 (18. O 3.6 C 30.6)
Aug. 4.54 ( 4.44) 3.5 (3.4 011 €01 0.98 { 0.9 1.6 ( 4.8
Sept. 4.23 (4.2 66. 7 (66. T 1.31 € 1.3D 47. 6 (47, 6) 115.6 (115.6)
Oct, 3.19 (3.0 36. 3 (35. 1) 0.94 €0.9D 27.1 (26.2) 64.4 (62.3)
Nov. 3.24 (3.29) 6.8 (6.8 0.59 {0.59) 15.7 (15 D 23.1 (23.1)
Dec. 3.24 ( 3.60) 26. 9 (29. 9 1.56 (1.73) 10.4 (11, 6 8.9 (432D
1979 Jan. 3.48 (2,98 7.6 (6.5 0.47 € 0.40) 24.5 (21. 0 2.6 (27.9)
Feb. 1.31 { 1.19) 50. 5 (45. ® 0.30 €0.2D 41.9 (38 D 92.7 ( 84.3)
Mar. 1.59 { 1.83 44. 8 {51.7) 0.53 C0.6D 22,2 (25 6) 67.5 ( 77.9)
Apr. 2.35 (22D 1,13 ¢ 1.09) 0.28 €0.27) 92,0 (89. M 93.4 ( 90.4)
May 184 (1,84 3.3 (330 0.50 ( 0.50) 97.2 {97. D 1000 (101.0)
June 3.43 (3.2 2.59 € 2.43) 33.3 31.2) 27.4 (25. D) 63.3 (50.3)
July 2.38 ( 2.46) 59. 6 (6. T 15,2 (15. 7 68.5 (70.9 143.3 (148.2)
Aug. 3.17 (3.0M 45.8 (4.3 0.14 €014 73.9 (7.5 119.8 (115.9)
Sept. 1.79 {1.7%) 79.7 (1. D 0.30 € 0.29) 106. 4 (103. O) 186.4 (180.4)
Oct. 0.67 € 0.69) 6. 0 (58. D 0.45 € 0.44) 75.2 (2.8 151.6 (146.7)
Nov. 0.94 (0.9 51,3 (51. D 0.31 €0.3D 66. 5 (66.5) 118.1 (118.1)
Dec, 1.48 (1.64) 31.6 (35. 1) 0.08 ¢ 0.09) 41. 2 (45, & 72.9 (81.0)
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Table 1 (continued)

{normalized value}

Total PO,-P NH,-N . NO,-N NO,-N . Total-N
1980 Jan. 1.20 ( 1.03) 32.6 27. 9 0.15 ¢ 0.13> 39.1 (33.5 71.8 (61.%
Feb. 1.56 ( 1.67 18, 9% (20. 3 19. 0 (20. 4) 576 ( 6.17) 43.7 ( 46.8)
Mar. 1.79 ( 1.68) 66.9 62. T 3.28 (3.08) 62. 4 (58 5) 132.6 (1:24.3)
Apr. 3.0 (3.16) 55. 4 (57. B 1.58 ( 1.63 39.9 (4.3 96.8 (100.1)
May 6.15 (6,19 67. 2 (67, 2)° 64. 5 (64. 5) 34.1 (34.1) . 165.9 (165.9)
June 2.45 ‘( 2.37) 53 5 (61. ™ . 21,8 (21, 1 42. 4 (40. 9 117.8 (114.(_))
July 0.90 " 0.87 58. 0 (56. 1) C0.36 (035 We. 4 (97. 2 158.8 (153D
Aug. 1.90 ( 1.84) 51, 2 (49, 5) 0.19 (0.18 3.4 (352 87.8 ( 85.3)
Sept. 4.21 (4.07) 33.9 (32. 8 19. 1 (18. 5) 3.5 (29. 5 86.4 ( 83.6)
Oct. 0.96 ( 0.96) 4.1 M 1. 1,92 (1.9 24,7 C24.7) 606.7 ( 66.7)
Nov. 10.44 (10410); 3.4 (35. D 1.86 ( 1.80) 21,3 (20, 6) 59.6 ( 57.7)
Dec. 11,17 (13.40) 47. 9 (57. 5} 8.40 (10. ) 181 (21, 7 74.8 ( B9.8)
1981 Jan. - C - - - 0,32 (0.28 > 5.12 ( 4.52) 55 ( 4.9
Feb. 1.80 (1.8% 20.0 (20,00 1.41 (1.41 ) 5.3 (15.3) 36.6 ( 36.6)
Mar. 2.51 ( 2.60) 52.4 (54.2) 0.0 (011 104. 1 107. 7 156.2 (161 .6
Apr. 2.70 C2.70) 65.3 ( 65.3) 0.14>( 0.14>) 89.6 (89, 6 154.8 (154.8)
May 2.02 (1.8%) 45.4 £ 42.6) 0.13>(0.12>) 79.0 (74 D 1247 (116.9)
June 1.67 ( 1.6D 73.3 (733 1.67 (1.67 ) 76.8 (76,8 141.0 (141.00
July 254 (250 58 ( 5.8 0.05>C 0.05>) 6403 ( 64,03 70.1 (70.D
Aug. 2.29 (2.22) 1.0 ¢ 1.00 0.10>( 0.10>) 56.68 ( 54.85) 58.2 ( 56.3)
Sept. 211 {2.1n 2.6 ( 2.6) 0.13 (0.13 > 53.72 (53.72) 56.8 ( 56.8)
Oct. 3.m (2,78 57.5 (52.3 1.64 (1.4% D 29.87 ( 27.15) 90.4 (82,2
Nov. 1.48 ( 1.64) 24.2 (26.9) 260 (289 15.58 ( 17.31) 42,5 (47.2)
Dee. 1.11 (119 4.5 ( 4.8) 0.31 (0.33 ) 5.58° ( 5.98) 10.4 C11.1D
1982 Jan. 1.8% (1.62) 200 C17.12 0.84 (0.72 ) 17.05 ( 14.61) 7.8 (32,4
Feb. 2.30 C2.38 21.8 (22.6) 0.12 (012 ) 28.85 ( 20.84) 51.9 (53.7)
Mar. 3.95 (3.3 60.2 (5.6 0.06>( 0.05>) 75.93 (65, 1) 136.3 (116.8)
Apr. 2.81 (35D 78.0 {97.5) 0.21 (026 63.96 (79. B 142.5 (i718.1)
May 4.77 (4.62) 61.1 (59.1) 0.1 e 77792 (7.4 138.8 (134.3»
June 3.93 (3.9 64.8 ( 64.8). 1.91 (1.81 } 38.61 ( 38. & 105.4 (105.4)
July 210 (2.0 87.9 (85.1) .19 C9.18 ) B8.05 ( 85. 2) 175.7 Q170,00
Aug, 1.97 ( 2.04) 42.3 ( 43.8) 0,067 C0.07 > 50.95 (52.7) 93.4 ( 96.6)
Sept. 0.61 C0.57) 52.2 ( 48.9) 0.31 (0.29 ) 52.80 ( 49. 5) 104.4 ¢ 97.9)
Oct. 1.14 C1.14) 47.2 ( 47.2) 207 €207 ) 15.58 (15, 6) 82.9 ( 82.9)
Nov. 0.52 (0.52) 53.3 (53.3) 1.30 (1.30 > 21.97 (22, 0) 78.0 C 7R.0)
Dec. 4.20 (4.67) 42,5 {(47.2) 0.03>( 0.03>) 27,16 (30, 2 69.8 ( 77.6)
1983 Jan. 1.23 (1.05) 27.3 (3.4 0.03>( 0.03>) 28.00 (24, 0) 55.3 ( 47.4)
Feb. 1.59 1.70) 32.9 (353  (B.E?) (19. 8%)  24.64 (26, 4) 6.3 ( 81.8)
Mar. 2.07 (214 58.6 ( 60.6) 1.46 (1.51 ) 40.99 < 42. 4 101.3 (104.8)
Apr. 1.75 ( 4.3 118.8 (108.0) 0.25 (0.23 ) 9%.00 ( 90. O 217.5 (197.7)
May 3.19 {319 67.6 ( 67.6) 0.07 C0.07 ) 64,52 ( 64. 5) 132.2 (132.2)
June 3.76 ( 3.76) 125.3 {(125.3) 2,581 { 2.51 ) 72.32 (72.3) 200.5 (200.5)
July 3.06 < 2.96) 141.0 {136.5) 2.12 {245 ) 89.56 (67, B 213.% (207.00
{mgP/m - month) (mgN/ o -month) {mgN/m - month) (mgN/m »month) (mgN/w-month)
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Table 2 Averages and coefficients of variations of monthly fallout of nutrients per
unit area in Tsukuba

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. mean

Total-P mean 5.0 2.1 2.7 3.8 3.4 3.0 2.1 2.9 2.2 1.5 3.5 4.1 3.0 mgP/m?+ month
C.V.(%) 14 33 41 37 53 23 33 28 68 60 91 109

NH,-N mean 20 28 56 65 51 53 53 36 44 40 36 33 43 mgN/m? * month
C. V. (%> 39 34 8 52 45 74 87 72 535 3B 4 52

NO:-N mean 0.4 9.0 1.1 0.6 11 9.9 2.9 4.5 4.6 4.5 1.3 2.2 4.0 mgN/m* « month
C.V.(% 100 111 91 83 218 131 186 100 170 164 69 159

NO,-N mean 16 22 54 69 63 43 61 39 51 29 26 21 41 mgN/m? + month
C. V. (%) 69 45 52 38 37 51 44 62 55 72 69 - 67

Total-N mean 36 62 112 135 125 112 126 75 9 77 63 56 90 mgN/m? » month
C. V. (% 49 28 25 33 18 39 47 48 42 49 46 b5
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Table 3 Annual total amount of nutrients fallout in the watershed and water surface
of Lake Kasumigaura (Nishiura)

Watershed Water surface

Total-P Total-N Total-P Total-N

1977 (40.7)t/y (1240 t/y 4.3 tly (13D t/y
1978 73.6 1175 7.8 125
1979 38.4 1987 4.1 211
1980 75.5 1784 8.0 189
1981 69.7 1511 7.4 160
1982 50.3 1576 5.3 209
1983 (52.3) (2712) 5.5 (287)
mean 58.1 1743 6.2 185
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Hydraulic Behavior of Groundwater in the Lakeside Area of the Kasumigaura

MRsE - 50 &

Kohji MURAOKA® and Satoshi IWATA'

Abstract

Hydraulic behavior of groundwater was discussed on the basis of the record of
water level variation observed in eight test wells in the lakeside of the Kasumigaura
since September in 1978. Five wells of them were digged in Miho region and the
remainder distributed separately in Dejima, Tamatsukuri, and Asd region.

Long term variation of groundwater level does not show any special matter except
for Tamatsukuri test well where the groundwater level has moved arround or rather
beneath the level of lake water surface, as shown in Fig. 5. During the term as the
lake holds high water level as illustrated in Fig. 6, groundwater level once risen by
rain precipitation decreases graduaily as following the variation of lake water level.
The zone sensitively affected by the fluctuation of lake water level seems to be in the
plain several hundred meters inside the shore line.

The discharge of groundwater into Lake Kasumigaura (Nishiura Basin) was esti-
mated to be 8.03 x 10° m® per year, which is equivalent to about 1% of rivers
discharge.
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Table ]| Annual inflow of groundwater into Lake Kasumigaura per unit shore
length (m>+y? em™) Minus value means outflow.
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Characterization of Groundwater Quality in the Lakeside Area of the Kasumigaura

AR A 8

Kohji MURAOKA' and Satoshi IWATA' | - -

Abstract

Water quality of groundwater in the lakeside of the Kasumigaura was observed in
eight test wells, The purpose of this sfudy is to discuss the relationship concerning
materials such as nutrients between groundwater and lake water.

(1) .‘When we have much rain in wintér, the concentration of PO4-P tends to decrease
in some wells. ‘ .

(2) At the well No.3, two abnormal peaks of concentration of PO4-P, NH4-N and
D-COD were observed. The groundwater at those times was supposed to be
polluted by something like organic matter.

(3) In many wells, PO4-P, NH4-N and D-COD show high concentration in summer
season, while NO3-N is high in winter, '

{4) According to above fact, the response of groundwater quality to surface water
seems to be fast unexpectedly.

(5) The well No. 7, which has ordinarily similar or lower water level than that of the
lake, shows a correlative performance of concentration of C1 to the lake water
intrusion.

(6) The pollutant loads of groundwater across the shore line of lake were estimated
to be 0.09 percent for total-P, 0.08 percent for total-N and 0.17 percent for
total-COD of those of rivers, respectively.
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Table 1 Monthly precipitation at Edosaki station

4 5 6 7 8 9
578 100 73 154 162 78 39
56 £ 172 134 111 77 % - 125

S1—57 FEFY 123.9 139.6 124.9 105.4 121.3 203.0

10 11 12 1 2 3
57 & 180 125 33 25 64 132
56 B 291 71 11 52 47 78

51—57 LBy 169.4 93.0 34.1 11.6 43.3 118.1
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Table2 Judgement of periodicity

PO,-P NH,-N NO;-N D-COD

Lake O X O N
$ 1 X O O A
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# 3 WMTKEOHE (1)
Table3 Statistic values of groundwater quality (I)
PO.-P NH,-N NO,-N NO,-N Inorg-N D-COD Cl
Tl ¢.003  0.028 0.009 0.113 ¢©.150 4.5
Bk fE 0.021  0.250 0.124 0.414 0.456 6.8
: L
o (ni‘z‘;) BAME 0.0 0.006 0.0 0.0  0.007 2.4
EREE 0,005 0.039 0.020 0.123 0.128 0.9
EEHGY 1493 1.378 2.262 1.08%9 0.84 0.2
il 0.032  0.228 0.003 0.157 0.387 1.4 102.2
£ @ G 1) BAAE 0.090 3.550 0.026 0.930 4.320 3.1 110.0
=53 K/ MiEi 0.003  0.020 0.0 0.0 0.020 05  84.0
ERRD  0.019 0.49% 0.005 0.238 0.618 0.5 9.2
ey 0613 2,179 1.768 1.516 1.595 0.4 0.1
FI9fE 0.049  0.206 0.006 0.128 0.34¢ 2.0 959
5 om G2 B A Al 0.170  1.040 0.040 1.920 1.971 12.7 130.0
h n=38 >IN 0.001  0.040 0.0 0.0 0.070 1.0 72.0
ERRE 0038  0.218 0.008 0.407 0.423 1.9 12.0
TRk 0.789  1.056 1.360 3.173 1.241 0.9 0.1
Eigfs 0,190 1.897 0.007 0.000 1.904 2.7 152.5
W 3 A fili 1.288 13.600 0.100 0.010 13.603 10.1 170.0
n=33 oMl 0.004 0.090 0.0 0.0 0.100 I.1  129.0
EERZ 0.261  3.076 0.018 0.002 3.073 2.2 13.2
TEHRSE  1.374  1.621 2.690 4.439 1613 0.8 0.1
FiafE 0,064 0.105 0.007 0.377 0.489 4.1 35.6
 ®W 4 RATE G.126  0.350 G6.060 1.480 1.53¢ 5.7  39.0
) ne53 B ME 0.030 0.0 0.0 0.0 0.070 2.6  20.0
EEEE 0.024 0.090 0.012 0.417 0.406 0.8 8.3
TEGH  0.368 0862 1.757 1.104 0.831 0.2 0.2
FifE 0.031 0035 0.001 3201 3.238 0.7 14.8
% W G5 i) 0.060 §.340 0.010 8.189 8,229 1.5 22,0
- =53 BB 0.009 0.0 0.0 0.810 .83 0.2 16.0
EefEE 0.002 0.047 0.003 1.991 1995 0.3 2.7
EHMES  0.377  1.345 2.304 0.622 0.616 0.5 0.2
F il 0.028 0.182 0.019 0.047 0.248 2.3  31.1
OB G o6 BeAfE 0.060 0.490 0.100 (.378 0.590 4.2 4.0
' posy  BOME 0003 0010 00 00 0030 L0 250
EAEEY: 0.015  0.112 0.023 0.087 0.102 0.8 4.0
TEEEN  0.541  0.615 1.172 1.854 0.412 0.3 0.1
EigfE 0.064 0.134 0.002 0.071 0.208 4.2  86.9
£ oE & 7) A fE 0.150  0.400 ©0.040 0.500 0.730 5.5 100.0
n—53 BB 0.011  0.010 0.9 0.0 0.419 2.8  60.0
EAEEE 0.036  0.109 0.007 0.102 0.123 0.8 12.2
FERHE  0.565 0.810 2.693 1.439 0.591 0.7 0.1
i 0.030 0.379 0.007 0.062 0.448 4.7  53.3
B ok ¢ 8) BokfE 0.050  0.600 8.070 0.760 0.990 6.0  73.0
=53 Ml 0.006 0030 0.0 0.0 0.300 1.0 37.0
B EaeE 0.014  0.126 0.011 0.162 0.124 0.8 7.6
EEEH  0.465 0.332 1.58 2599 0.276 0.2 0.1
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Table 4 Statistic values of groundwater quality (II)

PO,-P NH,-N NO,-N NO,-N Inorg-N D-COD

- (Lake)

n =49

1)
=53

(¢ 2)
n=38

# 3)
n=38

(3 47
n=53

(* 5
n=53

(# 6)
n=53

(& 7)
n=53

(# 8)
n=53

Tl 410E
o4 & A
k17418
i 2

T 1/418
R A
17418
oS

TFTl/41&
o &
E1/418
BoRX

F1/418
|
r1741E
BoRE X

T 17418
oo
k17418
BoRks

T1740H
th & ff
E1744
FoEX

Tl/4f8
$ o i
Ei/418
BoF S

T1/741H
R (E
L1748
BEE S

T1/418
A og {E
L1418
ok &

0.¢

0.002
0.003
0.003

0.020
0.030
0.040
0.020

0.020
0.045
0.060
0.040

0.040
G.115
0.200
0.160

0.043
0.060
0.072
0.030

6.020
0.030
0.040
0.020

0.020
0.030
0.040
0.020

0.037
0.060
0.090
0.052

0.020
0.030
0.040
0.020

¢.011
0.017
0.026
0.015

0.041
0.120

0.150 -

0.149

0.100
0.129
0.190
0.090

0.190
0.450
2.648
2.458

0.030
0.080
0.150
0.120

0.020
¢.030
0.032
0.012

0.082
0.190
0.270
0.188

0.030
0.120
0.220
0.190

0.350
0.400
0.452
0.102

0.4

0.003
0.005
0.005

0.0
0.0
0.005
0.005

0.0
0.002
0.010

0.010

0.0
0.0
0.003
0.003

0.0
0.0
0.010
0.010

0.0
0.0
0.0
0.0

0.0

0.010
0.030
0.030

0.0
6.0
0.001
0.001

0.0
0.002
0.010

0.010

0.005
0.061
0.178
0.174

0.0
0.0
0.277
0.277

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.089
0.240
0.442
0.353

1.708
2.470
4.299
2.592

0.0
¢.0
0.060
0.060

0.0

0.020
0.110
0.110

0.0
0.0
0.013
0.013

G.033
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0,207

0.130
0.230
0.448
0.318

0.120
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0.350
0.230
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0.197
0.340
0.660
0.462

1.735
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2.609

0.187
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0.134
0.190
0.243
0.108

0.361
0.420
0.482
0.122

3.9
4.4
5.2
1.3

.0

N
-~ =~

— ke e O [~ o I D e
Q0 e QO N @O

[ B S,

oo o o
[P R T-T S B

Cl




R - 2R

+8

*7

*6

AR

+*5

L UL T T LY
SRR

e

[T
R R N D A S

e Sttt viree
I L T SR e e S

+*3

uibuey way vatuet way [T Lo
N ~ ‘o' ERNRARIATRS B e
wpen *
weon
o
F ]
-]
-l
T v T T T
~ - o -} o
-] o o [ -

Fig.14 Comparison on statistic values of groundwater quality for PO,-P
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Table 5 Pollutant load by groundwater to the Kasumigaura

PO,-P Inorg-N D-COD
#1 0.198 g/y/m 15.11 g/y/m
£ 6 0.484 » 2197 ~
1980 “EBF 8 - 1.663 » 26.39 ~
- Fih 0.782 ~» . 2116
" 3L S 0.095 t/y 2.56 t/y
$ 1 1.899 g/y/m 33.47 g/y/m 89.5 g/y/m
% 6 2.421 » , 16.31- # 203.6 ~
1981 4FEE % 8 1.902 # 28.37 ©239.4 o~
Y 2.074  # 26.05 1775 #
3L 0.251 t/y 315 tly 21.5 tly
%1 2.155 g/y/m 14.18 g/y/m 80.8 g/y/m
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Estimation of Total Pollutant Loading by All Influent Rivers into Lake Kasumigaura

1 «

mEWR B

Senichi EBISE!

Abstract

' Total pollutant loading for a year by all influent rivers into Lake Kasumigaura is
estimated, as the sum of two components, that is, loading in dry weather day and

" loading in storm weather day. The loading in dry weather day is assessed as the sum
of all influent river loadings based on the result of observation in a dry weather day.’
The loading in storm weather day is calculated by regression, model of storm runoff
loading, TLpe¢/d=a- (EQnetjA)" with observation data (28 cases) of five influent

* rivers at storm runoff events. Using the storm events for a model year mthaverage -
annual rainfall, 1300 mm, each effective rainfall (£Q;q¢/4) is calculated for all rain-
fall events beyond 11 mm with a constant rate of direct runoff. Consequently, total
annual loading by all influent rivers into Lake Kasumigaura is estimated, such as, T-N
2,943 t/y, T-P 253 t/y and T-COD 11,150 t/y. Also, its dissolved matter loadings are
D-N 2,175 t/y, D-P 56.7 tfy and D-COD 4,234 t/y. The ratios of storm runoff com-

ponent to total loading are T-N 29%, T-P 51%, T-COD 53%, D-N 22% D-P 22% and
D-COD 30%.
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Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-machi,
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Fig. 1 Influent rivers into Lake Kasumigaura
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‘Water: quahty mdlcators and their analytlca.l method

Table 1
4 —_—
Item S o Mé't-ti'f)d I .
Flow propeller=typed current meteI:
NH,*-N phenol- hypochlonte fmethod
NO,-N N-1- Naphthylethy!enedlamme sulfamlamlde method
NO,™-N reductlon wnth hydrazine sulfate and phenoldisulfate acid method
T-N, D-N mtnflcat:on by 0x1datmn with potassiumperoxodisulfate
. “and method for NO,—
POQs-P - - » molybdate- -blue method
T-P, D—P o decomposition to PO3— P with potassiumperoxodisulfate and
methed for PO{—P
DIP decomposition with sulfuric acid and method for PO{=P
C1- mercuric thiocyanate method
T-COD. D-COD " alkali-potassiumpermanganate method
S8 glassfiber filter method
Inorg-N NH,*-N+NO,~N+NQO,-N
Org-N T-N—Inorg-N
Org-P T-P-DIP
P-COD T-COD —-D-COD
P-N T-N—D-N
T-P—D-P

pP-p

4. ERAGRBRNERE
198146 A~ 1982 fF 5- H D fgi | BIEHRD 1 EF?SZ@IDﬁﬁEEEzﬁWC &5 7RI DB
BAiglicyad, 2O TRITRE, BRAIEIZ1979F6 A~ 1980E5 HEHAERREB.I3600
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Table 2

Pollutant loading with weekly obserbasion data

7 FEHEE ® B A oy i {g/s)

i - -

£ (km* (m%s) NH;-N NO;-N NO,"-N Inorg-N T-N PO--P T-P D-COD T-COD Cl- S5
=) n 17.6 0.24 0.36 0.05 0.23 0.64 0.95 0.069 0.153 1.64 - 2.75 7.0 10.3
B JI 330.0 3.21 1.0 0.24 4.95 6.23 9.78 0.129 0.396 11.06 13.92 65.2 72.3
fia w1 il 6.5 0.09 0.30 ©0.03 0.05 0.38 0.48  0.054 0.099 1.00 . 1.42 3.7 2.6
e E N 3.4 0.7% 0.35 0.13 2.01 2.48 4.06 - 0.141 0.228 3.74 4.79 25.0 9.7
| 24.5 0.36 0.37 0.07 0.46 - 0.90 1.31 0.054 0.110 . 2.59 :3.06 10.6 - 4.4
A F O 1206 1.25 -0.26 . 0.12 2.60 2.98 4.71 0.061 0.145 4.58 5.87 34.6 12.7
AR 34.0 2.52 0.84 . 0.23 1.25 2.32 5.08 0.125 0.466 17.18 23.09 84.8 64.7 "
il 72.8 1.65 314 0 097 4.29 8.40 10.48 0.330 0.640 — “13.00 35.0 - 400
wE 12.4 - 0.47 0.43 0.14 0.60 1.17 1.79 0.150 0.290 . - 4.00 12.0 12.0
T & )l T151.0 2.38 1.03 0.13 4.19 533 6.8 0.220 0.590 — 12.00 32.0 69.0
& it 803.8 12.96 8.12 2.11 20.62 30.83 45.48 1.333 37’ — 83.90 297.7

. 309.9 .
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Table 3 Pollutant loading with 24 hours observation data in dry"weather day

W OwEmER B oE W B A w & (g/s)

il

4 {km?) £ A (m®/s) NH,"-N NO,'—N NO;-N Inorg-N T-N POS-P T-P D-COD T-COD Cl- SS
" & J_Il 31.2 82, Mar. 0.40 0.06 0.02 .67 0.75 -1.11 0.014 0.0687 0.98 1.53 11.8 14.3
;o 72.8 77 Aug._ 1.12 3.04 0.36 1.05 . 446 4.51 0.549 -0.627 — 20,60 22,0 —
w E 12,4 -79~80, 4 @] 0.50 0.47 - 0.11 0.62 1.19 1.77 0.236 0.351 2.63 3.77 13.0 7.8
Lol -l 151.0 77, Aug. 2.67 1.65 0.11 1.10 2.76 3.51 0.214 0.347 — 2940 29.9 —
e | 23.1 82, Mar. 0.24 0.05 0.02 0.54 .61 0.87 0.020 0.052 (.80 1.11 4.1 . 3.7
— /8l - 28.0 82, Mar. 0.24 0.09 0.02 0.55 0.66 0.94 0.009 .036 0.85 1.22 7.6 2.5
¥ Ol 17.6 81, Aug. 030  0.26 0.12 0.31 0.69 1.06 0.083  0.167 1.20 1.86 9.5 5.3
B I 330.0 82, Feb. 1.77 2.36 0.10 2.78 5.24 " 5.66 0.073 0.244 5.15 7.70 137.0 32.9
& a1 6.5 81, Aug. 0.08 0.24 0.01 0.06 0.32 0.36 0.069 0.091 0.68 .98 3.7 0.8
1 = il 34.4° 81, Aug. .92 0.07 T 0.14 1.18 ) 1.38 3.07 0.216 0.326 5.38 7.38 35.0 12.0
& 8N 24.5 81, Feb. 0.46 1.24 0.'10 0.57 1.90 2.18 0.080 0.182 2.56 3.49 13.8 7.3
A gl 120.6 81, Aug. .83 0.05 0.03 0.47 0.54 1.17 0.035 0.094 3.68 .65 19.9 14.8
AR 34.0 ‘82, Feb. 0.61 0.57 0.06 0.89_ 1.52 2.96 0.064 0.181 4.67 5.76 46.1 7.8
& it -886.1 — 10.14 10.05 1.20 10.79 22.02 29.17 1.662 2.765 — *90.45 ~ 353.4 —_

—gmTw
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Table 4 Pollutant loading with all influent rivers observation data

il pigmdE W B A & B (g/s?

M

% {km? (m?/s) NH,*-N NO,-N NO,-N Inorg-N  T-N PO -P T-P D-COD T-COD
B 4= BN 4.0 ¢.03 0.000 6.000 ¢.000 0.000 0.035 0.002 0.009 0.22 0.31
® TN 7.6 ¢.09 0.000 0.003 0.010 0.013 0.147 0.004 0.028 0.63 1.33
EN N 9.2 0.02 0.000 0.002 0.113 0.116 0.174 0.002 0.003 0.09 0.13
B F N 11.8 0.03 0.000 0.001 0.092 0.093 0.154 0.002 0.008 0.16 0.33
wo@ J 2.7 0.02 0.000 0.000 0.029 0.030 0.099 0.000 0.001 ¢.11 0.11
AE K 1.9 0.00 0.000 0,000 0.002 0.002 0.005 0.000 0.000 0.01 0.01
FOHE N 5.2 0.01 0.001 0.001 0.011 0.013 0.023 0.001 . 0.002 0.05 0.06
# &= ) 31.2 0.64 0.029 0.105 1.105 1.238 1.744 0.050 0.135 3.05 3.70
& /| N 18.7 0.14 0.008 0.022 0.373 0.403 0.559 0.010 0.021 0.65 1.03
& & 80.1 1.24 0.257 1.014 5.027 6.300 8.847 G.089 G.143 4.84 7.56"
w =E i 13.7 0.57 0.003 0.184 0.349 0.336 1.132 0.105 0.200 3.24 5.08
o o#m 218.6 3.59 0.097 0.233 8.505 8.835 12.393 0.195 0.404 10.03 21.81
# A N 23.1 0.41 0.011 0.021 0.878 0.910 1.375 0.017 0.048 1.61 2.35
— 2 #N 28.0 0.29 0.014 0.019 0.368 0.391 0.585 0.009 0.021 1.25 1.68
momon 8.6 0.07 0.019 0.042 0.197 0.257 0.391 0.009 0.018 0.51 0.57
5 n 21.0 0.50 0.094 0.187 - 0.582 0.863 2,387 0.101 0.213 2.53 3.94
b1 n 8.4 0.10 0.066 0.023 0.044 0.134 0.458 0.012 . 0.034 0.88 1.08
B Il 335.3 5.15 0.108 0.314 7.678 8.101 11.774 0.227 0.474 19.48 25.15
woEr N 7.3 0.16 0.077 0.000 0.000 0.077 0.596 0.079 0.126 1.13 2.05
T = N 37.5 1.67 0.052 0.336 3.871 4.259 6.001 0.089 0.177 5.34 6.01
w o8| 25.9 0.54 0.017 0.100 0.700 0.817 1.099 0.045 0.095 2.42 4.20
= I 14.9 0.28 0.013 0.061 0.776 0.850 1.368 0.621 0.034 1.32 1.44
A Bl 157.6 1.27 0.023 0.084 2.244 2.350 3.261 0.060 0.120 4.59 6.05
AR 152.5 5.87 0.321 0.450 4.098 4.870 11.829 0.191 1.644 30.69 65.70
& Bt 1.224.8 22.68 1.210 3.202 37.052  41.458  66.435 1.320 3.958 94.83 162.18
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HEET 5, REBHEHAMRREECE TOLRBRM ) 05 —BEBRERV 30, THHD
H L THEMA & L TRBOBAEED 2 Mo 5, /EITENOFRIKES 5,

—HOBEHE L TOSEIE L CAREORNOBE S H - 1A, 8 HRHELERERMA 0 Atk 7
NITBECRE S LTHRABLLtThiE, #50L2UMHENTE S, Z05EMOTSER
811,275 mm T 0, |FEEICEHEsE], i 4 Bic 1E, SEHI5mmOBHH -7 T &I 5,
LBHAKOS> BB LFWER S mm U TOBRFH{IZEH oI, TOBRARTOY 1 MI6%
KXV, CO5mmETFOBMREESHRBEMSA S WD, BTRROMAEY bOTL G
i, B O - Sh o OEBRBEE LV, i, RRPRUHAMBRICAKELEELR
B3 200 AmmE EOMFIR, | FERI2IEEE 2O TARE (LY, BRATHE
66% EARXLY 4 bEEDHB, 0mmEBLZBAEEELTLLAILIE, 0mmEEALE
FiRE2»AK I OOHRETHRL TN S, COSEROVLFRROIETAEL 2 2b0%

#& 5 BAONW

Table 5 Classification of annual rain events

i Be M @ B 40mm 31~40 21~30 16~20 11~15 6~10 1~5 4k

LAk mm mm mm mm mm
197846 A R i @ M(ED TR 71 50 17 30 76
! HEtmsen) 325 199 169 123 61 13¢ 81 1,092
19794958 BRREHR(%) 018 51 6 12 7 100
W96 E MW E (D 75 11 712 u 3 93
! HEBMRGW 416 163 272 128 158 112 83 1,33
198045 A BRI IEE(%) A 12 21 10 12 8 6 100
1980 6 4 KR 7 E H(ED 6 5 8 1 12 15 33 90
! ABMFEG 371 180 199 200 156 118 60 1279
1981458 BMRLEG 2% 14 6 15 12 9 5 100
1981466 8 Bk A7 (3 B (a) 6 3 77 7 13 40 83
l HHMRN@ 478 105 167 128 87 97 89 1,51
19824E 5 0 BRI M%) 29 141 8 8 8 100
19827 6 5 B @ (D 9 8 IS 7 14 83
! OEBWERM) 611 282 271 88 94 108 66 1,520
19835 8 REWEHAE%) 019 18 6 6 7 £ 100
WBE6H R A M) 2 M4 37 43 73 160 425
! AWM 2201 937 1,098 667 5% 564 379 6,374
198345 A REFMILE(%) 315 1710 9 9 6 100
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5%+ 5, 195mm, 161mm, 137mm, 105mm, 102mmé 100mmA4R% 28R 435 E, 100
mm AT T60mm £ 48 % 5MFH5 106, 60mmEl FC50mm A4 BMFLS T E &7 - TH B, -

COMMEDrBRBTAS Y 2 1 145D 3 ERALHHED driving force & LTH 720
HDEMRAANROBTEHBAINESSBETH 3, 372, BARKOEHHH/ 5 — V1%l
~DRABHROBHE A ELT 2RECRTTHY, EEM#HTQ<EMﬁ®ﬁAEﬁ
BT RENEBEEA B LELONE,

(Z)Eﬁ%?Wtﬁﬁﬁﬁ&ﬁﬁﬁﬁmﬁE
BESREFOBERICHFHREAORHREMA TRRNARRAET T 5 10, BLHOB
B A A REE O » OERE F A EE 210, WRBKHIORERE LTHE, 2HAR)
AEASREEC L AAHABREA A C LT 5, BRISHLEREE OGN 7 VAT
LD EFANS SN, TR, HREREIFOARREZLI|WTERREHSOAMNER
FU2EETAR2E7N (Lloa/d=a+ (LQuufA)) 2R3, 2T, Llea sl e ld
FHEHBESREAORENR LEHRBTH D, ARTRER, o HER, »dENTHE, L
Y bio T, WERBYHEHS OUTRIB RN AKER O BB FEH MIRIC L AU, REFTOEI H ORI T Quee
B HIFEHATHR U T Low /A EEYTREL S, EE SOM [ BHRHEHREETC ORI
FRi o0, HYHRRS SEFHRMAOANRBENTE 5, 6K, ByrBRAFNOWE
M, BRI, ZREESON NG 2 %1 ECIMEND 5 511111045 THR & 17 258l >0
TROONEFRRER LAY, WEEHELTIE, 7~195mm OBHEEEH 41— L TW3,
| FRIOBHRELT, 50RE 5 EMOFETHBAR 1,275 mm & biEL 1980 & 6805
1981 E5 Ho 1,279 mm %A E Y, #0O (D LHEBR) OFl s 19804FE 6 Ao 1981535‘5}3&’6‘&
FLThHELETE, LidaT, RKEIBEHRBOMIE, 84mm, 63mm 2[E, 62mm, 53mm, 46
mmA40mm A EOBRFH TH S,  D40mm P LORH OFERBRRICEH SV = 1 F455 FR]D

% 6 BREERHARBETICACAER=FLR

Table 6 Regression model for estimation of storm runoff loading

(G -

ZKEEQ SLy/A=a- (EQI‘IQ(/A)”
T—-N I L /A=0.00436 - (3Q,./A)052
D—N ZLoe/A=0.00181 = (5Q ./ A)oss
T—-P ZLoet/A=0.001386 * (EQ ./ A)0#78
D—-P ZL,./A=0.000416 » (£Q,,,/A)r™s

T —-COD F Lo/ A=0.01551 » (5@, /A) 1042

D —COD e/ A=0.1071 - (3@ /A) 0
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% T(a) T-NoORRARGER
Table 7(a} Total influent loading of T-N

WK B WO 4 2,09 t/y

[ - A R 0.275 0.25 0.225 0.20 0.175 0.15

B llmbbomE 836 762 689 615 542 466
B 16mukoRE 985 899 8Ll 7M 639 548
2 nmblboBm L4 1034 948 848 749 644
£ nmubomm 293 2857 27 2710 267 2,51
£ lemilbomm 3.0 299 2,906 2819 2734 2,643
@ NmblloBm 3,29 3149 3043 2,943 284 2,739
% 7(b) D- NORKARWE
Table 7(b) Total influent loading of D-N
WOE OB MM S 1702 t/y
A A 0.275  0.25 0225 020  0.175  0.15
2l DR 459 420 380 341 301 260
N IGembl LR 542 97 449 403 356 306
;‘; 11 an bt k> BET 638 585 527 473 419 361
£ otmukoms 206 202 2082 2,08 2,008 1,92
& lembllbomm 2244 219 2051 2005 2,058 2,008
B lmUboRE 2,340 2287 2,220 2175 2,121 2.063
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% 8(a) T-PoOREAAME

B BRATNC L S EHA AFROFE

Table 8(a) Total influent loading of T-P
B A EKRK® 7 125 t/y
B OB K 4 ¥ 0.275 025 0225  0.20 0175  0.15
% dmbLowm 119 110 100 90 80 70
¥ 16emblEDBE 142 131 119 108 9 83
£ lNwblkom® 169 155 141 128 14 99
£ esslkoR® 244 235 225 215 205 195
E 16 an ki _E DEERI 267 256 244 233 221 208
B lmbiiopm 294 280 266 253 239 224
# 8(b) D-POBEAANE
Table 8(b) Total influent loading of D-P
B KB R YE 9 443 t/y
H OB K Ho® 0.275 025  0.225 020 0175  0.15
% 2lblbom® 107 100 92 84 7.6 68
S lemblEoR® 3.0 121 1.2 10.2 9.3 8.2
5”; NmblEoR® 157 147 135 124 13 100
B nmibomm 5.0 54.3 53.5 527  51.9 511
% l6mbiboB® 573 564 5.5 545 5.6 525
B NelEo®mW 600 590 578 %7 5.6 543
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% 9(a) T- CODORMARNR
Tablé %a) Total influent loading of T-COD
B X OB MO A 5,080 t/y
B ¥ f H % 0275 025 0.25 0.2 0175  0.I5
B JleulboBk 6,259  5.672 5,083 4,493 . 3916 3,329
B lemu koM 7301 6.623 5,920 5242 457 387
EE ol EOREE 8,458 ' 7,680 6,846 6,067 5,302 4,506
B 2imblboB® 11339 10752 10,16 957 899 8409
M tewmbiboBm 12381 1,703 11,002 10,322 0,657 8,950
o LmblboS® 13,538 12,760 11926 11147 10,382 9,586
# 9 (bh) D- CODOBRAAMNE
Table H(b) ° Total influent loading of D-CQD
L R VI 2,967 t/y
HOE % O ¥ 0.275 .- 0.25  0.225 020  0.175  0.15
& 2imbkoMm 1,0 - %2 900 835 767 694
% lemblboBs 1,259 118 1,107 . 1.028 946 854
%ﬁ Nenli boBm 1,554 1,465 1,364 1,267  1.167  1.056
£ olalEoB® 3990 3,920 3867 3802 3734 3,660
B lemblbom®m 4226 4152 404 3995 3913 382
B NembtoRmm 4520 4432 431 4234 4134 4,023
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5. BRMBREAEFEOEEETIL

Regression Models for Estimation of Storm Runoff Loading

e B

Senichi EBISE!

Abstract

Because storm runoff loading in a river is larger in comparison with loading in
same period of dry weather day, the author proposes following regression models to
estimate the loading. Plotting the relationships between sum of loading a unit area (Z
Lgrossf4) and sum of flow a unit area (£Qgro55/A) in direct runoff period by storm
events on logarithmic paper, the points are in a restricted range and are expressed as
an exponential equation, ZLgrog5/d = a'(Engss/A ", by regression analysis. Simi-
larly, for net loading by direct runoff (X£L,,1) which is substracted sum of loading in
same period at dry weather day (ZLy,q.) from ZLgross, 8 Tegression equation is
obtained with netdischarge (2Qnet), TLnet/4 =a*(ZQp,./4)". And also, net load-
ing 2 unmit area (ZLyey/A) could be expressed as regression equations with £Qnet,
observation period (Tgj;) or rainfall duration period (T;,in) 2nd area of basin (A) as
following : TLp. /(4'Ta;) = @*{ZQnet/ (A Ty; s TLpet/d = @' [ZQ, . /(AT
rain )]n

Using observation data (28 cases) of influent rivers into Lake Kasumigaura,re-
gression equations of four types are obtained for almost all water quality indicators
with high regression coefficients beyond 0.85, Especially, these four regression
models could be applied not only for total and particulate component loadings but
also for dissolved component loading. In addition, for large river group and for three
river groups classified by land use types such as urban river, mountainous river and
rural area river the applicability of these models are established.

I EAHWRs KELERESE T305 MR REAHERET/NF1682

Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan,
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Table 1  Watershed areas of observed rivers and rainfalls of observed runoff
River Observation Point Watershed Area Population Density Rainfall of observed runoff event
R. Sanno Hincde Bride 12, 4 bor 1,807 capita./ket 28nm 0 36om . Tmm
Barakidai 8. 3 i 2,402 capita./ke { 58mm { 36am
Suginoi Bridge 6. 2 ko 487 capita./laf 58mm © L 36mm
R. Bizen Komatsu Bridge 6.48 2,235 capita./lo 40ma
Kamitakatsu 2.36 ko 1,493 capita./ke! 40mn :
R. Kozakura Kozakura Bridge 17.63 kr 87 capita./ket 63mn 0 (38w 12am
Tsuji (Asahi Bridge) 7.99 ko 37 capita./ko' 85mm &~ 73mm : {BBmm C | 38em 0 2Fam .
Nakayama 2.36 lar 49 capita./ko 63mm
R. Terayamazawa Shimada Bridge 6.31 | 8¢ capita./ket 195am © | 85am © | 73mm 27am . ¢17om
Daisakuzawa Hosouchi-shita Bridge 3.11 dow 126 capita./kef {195mm - L 85mm: - 73mm : 27 0 U7me

— Rz
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Table 2  Water quality indicators and their analitical methods
Item Method
S5 Glassfiber filter method
T-CCD, b-COD Alkali-potassium-permanganate method at 100°C
pP-COD T-COD - D-COD
T-N, D-N nitrification by oxidation with potassiumperoxodisulfate
and method for NO;~-N {Cu-Cd reduction method)}
P-N T-N - D-N
T-P, D-P decomposition to PO,-P with potassiumperoxodisulfate
and method for PO,* -P (molyhdate-blue method)
P-P T-P - D-P
T-5i0,, D-Si0, decomposition te Si0, with potassiumperoxodisulfate
and method for SiQ, (heteropoly-blue method)
P-5i0; T-5i0, - D-5i0,
cl- - mercuric thiocynate method
Flow : propeller-typed current meter

DOEBEHREKPOFRTEHE LR fo, BRERAIC 2O TORBOERER 4 icid, ¥RDT
LM, COD, N, P& Toal D& L O EIKZOWITHHEROPERNL C &BHoNE, L
Fo AT, Total RUBBERACOOTH, B1H5B4 =FVETOAMNTE S,

Hl e, BRAFERADECFATHIH, HRROBS L EAFIE L EMNMEH, L
Pt CHEMEHS KB BNLTEY, BrAaRERONENEOIRIVv—7OhNTRS DH,
ST, (tEE, BT T & RO R R, BRIRHE T T ~ 195 mm OEEA
oA DR — 2 HEIN T3, T-CODIR2OTIIFHOR 2R L 12, OKBEBIC
DOTHHEEFROERTE - 7o, O HMFIAFEOHRICL3AMORERS TV PERTI?
184, ZQgross DREL LD, LidioT, BERLBRBEROKRS T SOMR ETH LK, /ME
RO LOABR ETETIZ ARBEN > TS, FLLH0DIQ g PF— FMEOIBEICH
NS RMETDCELEH S,

THIIRRBREAE2SA T TORLAROHBANRTH /0%, BERREFIHH sHc < TH
FEFHADERTE Ay, EREHRUDOBEMEREOESCATE = TATH 3,

B2 e TR, AR, RHEERE SHEMRHAEELSIOLBRIC LS8R LLTOE
HOBRRHMADEFATH S, T-N&P-NoOBEAEOHHEE 5@ IZRT, NOBFEHE,
T-NoOAHP- N ORoEBic3HT 34, CODT Total EBBAERS & HRIFRIC L S0,
P TRBEERSOEH, Toal LDBWEHOT LE-120HENE 2, BlLEFVvOEFELY,
ABHLTRANOY 2 41 + OBFOTERREE 3 28 A SULEN P « FHS MR EMENIT
A THEHT-PA&ic, WtFENEROENRFRINEN EREHREL < TETE O L ot
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A REdE N &R ARSI A& L, C OlFicRE N AN, HERMRI P gy
IR ORI OBIMIE 34 5 & & 1215 B, _

F7, T-Si0; P—Si0, biflliEF — # h¥D 1A 5, SS LIEFIL L  UABEHA TS 12,
Total RUBRERBR SO 7V —Fic AN TR OFIRMTERETH 0, FMic, D-Si0, bROBEE
ERAO 7 — 7D AWTHVIRA 2, TR, SiO%2RE Lz — s B D i,
B RB R M - 12,

{3) BEERS
BEWES AVCEIBEERS S, BRERHAMNRE LTRE, BEYES 3 VIBEERSEE
TR O, BHREHLDOREN LI0EHRE M0 BRICHNT 3, ¢ DES, KROBME
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Table 3  List of regression equations
5 17 g2rEFA HI3EFn HeeFa
-‘E?’}Pﬂ ngruss/A:a _CEQMDS!/A'):: Zan/A:a '(ane(/A) n ZLne —a o{EQnel )" ZLnet/A:a . _&Le"__)n
*EEE A Tar \A -« Tar * Tratn
S8 0.003113 * (ZQgross/ A ™™ 0.01567 * (5Que/ A) 197 003738 + (3Que/ A-Tad ™™ 0.1207 * EQue/A * Tearn) ™*
(7 =0.884) (r=0.875) {7r =0.760) (7 =0.770)
T-COD 0.001244 « (SQprosa/ A) 7% 01832 + (SQuet/AY ¥ 0.01786 + (EQuet/ATad ™ 0.1267 » (ZQuer/ A * Trpin) 7
(7 =0.938) (r =0.877) (7 =0.780) (7 =0.740)
P-COD 0.0002287 * {ZQ yross/ A) ™5 0.03493 + (EQue/A) *%5  0.002269 * (Z@ e/ A-Ta) '™ 0.02722 - (3Que/ A » Tram) 29
(r=0.876) (r =0.746) (r=0.793) (r=0.722)
T-N 0.003705 « (EQaross/A) 2975 0.005473 + (3Qpei/A) %2 0.005318 + (ZQner/ A Tupe) ™™ 0.02167 + (ZQpei/ A * Tram) 8
(7 =0.948) (r =0.955) (7 =0.898) (7 =0.853)
PN 0.0007104 « (ZQ sross/ A) 221 0.001860 « (3@ e/ A) 222 0001471 + (3Q et/ A+ Tair)*™ 0.02532 + (ZQ e/ A » Trgpn) ¥
(7 =06.877) (r=0.818) (7 =0.642) (r =0.635)
p 0.0004931 - (SQ yross/ A) 0997 ( 0.001350 + (SQ@ner/ A mﬁ ( 0.0004390% (EQ e/ A+ T ) ) (0.01016' (EQue/ A * Trm) )
(r=0.84 (7 =0.698) {7 =0.590} (r=0.557)
P-p 0.0001516 ~ (EQprosa/ A) 1992 0.002284 « (3Q 1/ A) ©%3 0.001906 + (ZQ et/ A+ T o) ™™ 0.01130 « (5Q e/ A * Train) >
{r=0.802 (7 =0.871) (7 =0.812)

(7 =0.949

- -
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BHOBEXE, Z3DT-POREI=FVvOBELRALERLEL NS, BENE DS SEERC,
BEMEOCI D-COD, D-N, D-P &RROERENF LN B,
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Table 4  List of regression equations for dissolved matters
7T Ml1ETA w2 EFT A HIEFN HAaxFa
TIAR . SLew/A= 0+ (SQuun/A) * SLoa/A=0 + (3Qu/A) ¢ 2l =0 [3Qw T 37 Ja-a- __ZQM_)"_-
. Tﬂir \A * ler* . Trnln
*EAA 0.199]  « (ZQurose/A) ™ 0.07082 + (SQuet/ A %™ 0.04904 « (EQor/A-Tur)™% 0.2244  + (ZQuer/ Av Trara) ™
(r=0.821 (r =0.943) (7 =0.837 (r =0.834)
b-COD 0.02177 + (3@ gross/ A) 0208 0.09604 + (3@, /A) Ooo2 0.(]65_11= * (ZQua/ AT u )™ 02753 « (SQue/ A« Trgy) ™2
(r =0.902) (r =0.878) (r =0.661) {r =0.770
D-N 0.002372 » (ZQ groes/ A) 2977 0.002986 - (2Qqe/A) *** 0.00157% * (EQne/ A= Taie) % 0.003000 ¢ (ZQ e/ A* T i) 7%,
(r=0.9%7 (7 =0.508) (r=0,783) (7 =0.807)
P (0.002930 * (3Q gross/ A) “") 0.0008094 + (3@ et/ A) **°  0.0003564+ (EQ et/ A*Tase) **0 0.0006219% (SQ gers A+ T rgpn) *5*
(r=0.627) (r =0.620) (r =0.689)

(r=0.409
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Table 5(a) Comparison of first model with river groups classified by land use in their

basins

{

EIIERES

o oW MmN

o N

B R o A

9B (27 - 5 HHD

11 @BUE (27N - 3 HEiER)

S|HE (2Nl - 2 WK

0.008069 - (€ g0/ A %7

(7 =0.886)

0.01028  + (ZQgrose/ A) ¥
(r =0.940
0.001791 -~ (£Qgron/ A) *¥
(r =0.879)

4.500 ¢ (S roe/ A) 59
(r =0.61D
0.000306 + (ZQ yross/ A7 7
(7 =0.860)
0.0007794 = (ZQ gross/ A)
(r=0.877
0.0001623 » (2@ yrose/A) 115
(r=0.875)

0.4628  + (3@ 0.,/ AD *¥8
(r=0.942)
(0.1357 " (ZQuross/ A) om)
(7 =0.844}

0.01397 - (3Q r0s/A) *3
(r =0.960)
(0.01724 * (SQgross/ A) mz)
(7 =0.634)

0.002333 * (ZQ gross/ A) 124
{r=0.859)

0.00188 * (ZQ gross/ A) 1038
(7 =0.961)
0.000250 + (3Q gross/ AY 1045
(7 =0.824)
0.001350 = (SQ yross/ A) 15
(r=0.842)
0.001133 = (ZQgross/ A) 12
{r =0,830)
0.0008524 * (ZQ yrose/ A 297
(r=0.822)
0.0001412 * (EQ yrops/ A) +0%
{r =0.742)

0.0213 * (3Quress/ A) *95°
(7 =(.988)
(0.01279 » (SQgross/ A °-“’>
(7 =0.946)
0.000745 - (ZQgrosszJ 1472
(r =0.981)

(0.00229 * (3Q4ross/ A “”)
(r=0.81)

0.000154 * (ZQ rpss/ A) M7
(7 =0.938)

0.00133  + (ZQ o/ A) 1050
(7 =0.969)
0.0000537 » (3@ 4ross/ A) W21
(r =0.924)
0.0000151 = (2Q 405/ A) 1545
{r=0.953)
0.0000233 « (2@ 00/ A 185
(r =0.915)
0.0000244 » (2@ 055/ A) 33
{7 =0.879)
0.0000187 * (20 05/ A)
(r =0.886)

0.0567  + (5Q e/ A) ©™
{r=0.97D

(0.00333  (2Q ol A) "-m)

{r =0.982)

0.001408 - (5@ ,,/A) 0%
{r =0.979)

0.000333 * (3Q ross/ A °-°=’)
(7 =0.844)

R
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Table 5(b) Comparison of second model with river groups classified by land use in their

basins

I EEN

G C A |

Wow ®O

QI 2N 5 HED

11 8ae (2 #)I - 3 HiED

HoE o M

SEAE (20 - 2 P

D-N

D-P

0.2267  » (SQu/A) 072
(r=0.913)
0.01153  * (3Q,./A) o34
(7 =0.946)
0.01038 * (5Q../A) o5
{r=0.921)

1.503 + (3Q, /A0 ¥
(r=0.837)
0.006909 * (3Q . /A) W%
(7 =0.913)
00005065 * (ZQ o/ A) *M2
{r=0.8200
0.00573 » (ZQ o/ A) 74
Cr =0.900)

0.1687  * (BQ.u/A) o580
(7 =0.922)

(1.172 * (3Qae/A) ““)
{1 =0.692)

(0.02262 {(3Q e/ A 0-673)
(r=0.743)

0.04404 < (3Q,../A) *™
(7 =0.250)

0.01537 + (3Qe/A) 1003
(7 =0.822)
0.00421 - (5@ /A) o5
(r =0.958)
(0.000779 C(EQua/A) 'M)
{r =0.657)
0.01664 - (SQ,/A) 1778
(7 =0.800)
0.008129. * (5@, /A) Lo
(r=0.747
0.002920 + (SQafA) 085
(7 =0.811)
0.001564 * (5Q e/ A) voo0
(7 =0.963)
0.01353 * (3@ /A) ooz
(r =0.991>
0.03148  » (3Q.,/A) 17
{ ¥ =0.968)

0.001360 + (EQ./A) 0
(r=0.975
0.0000488 « (56 e/ A) 092
(7 =0.697)

0.0000545 + (5Q e/ A) 1372
(¥ =0.943)

0.00225 - (ZQne/A) 10
(7 =0.946)

(0.000001?? « (3Qnu/ A "-G“)

(r =0.820)
0.0001738 « (TQae/A4) V™
7 (r =0.965)
0.0000868 « (Z@ne/4) 57

(7 =0.923)
0.0001179 « (3Q.a/A) 22

{r=0.858
0.000574 » (EQna/A) %

(7 =0.959
0.07399  + (S@ne/A) 0™

{7 =0.964)

0.00812 - (ZQne/A) 29

{7 =0.980)

0002852 . (EQnet/A) 0.871
{r=0.957)

0.0000672 - (EQnet/A) 0.855
(*=0.839)

o ok 3 R O TH U g
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Table 5(c} Comparison of third model with river groups classified by land use in their
basins
Bz A7 o oA Lo @ HOE e A N

QBBG (2F - 5B

1\ (2R - 3 )

BEAG (27 - 2 WD

0.1209 . (EQI‘IQI[A - ler)
T
~cop (7 =0.86D)
T-N 0.007565 + (2Quat/A * Tue)
(r=0.920)
T-p 0.005126 * (2Quer/A * Tarr)
(r =0.870
85 0.2880 " (EQnel/A . ler)
(r=0.842)
0.008300 « (ZQ@n/A * Tuir)
P
-cop (7 =0.886)
P-N 0.0003631 » (anel/A . ler)
(r =0.803)
Pop 0.003253 * (ZQuet/A = Tyi)
{r=0.851
o 0.07635 ¢ (SQuu/A * Tarr)
(r =0.872
0.3268 . (anet/A . ler)
p-cop (7 =0.415)
0.001510 - (EQT\Q[/A - Td(r)
D,
N (7 =0.54D)
0.005749 - (2Quee/ A = Tuir)
D-p (7 =0.089)

0.867

0.832

$E637

0.842

1.095

1.253

0.683

LERE

0.190

0.962

&.086

0.006615 = (EQue/A *»Tu) 2
(r=0.717)

0.004124  « (ZQ e/ A » T o) 9
(r=0.888)
(0.0002485 * (ZQue/ A« T “’“)
(7 =0.518)

0.008680 -« (3Que/A * T ™
(r=0.718)

0.002796 = (ZQue/A * T 4
(7 =0.644)

0.003051 * (ZQua/A = Tap) 1
(7 =0.594)

0.001235 * (5Que/A T ¥
(7 =0.891)

0.01380 ¢ (EQne/A « Tud >
(7 =0.971)

0.01921 - (5Q,./A - Tay) ¥
(7 =0.850)

0.001143 + (3Qua/A * Toy) ™™
(7 =0.940)
0.00000662 * (ZQnec/ A * Tase) 76
(7 =0.615)

(

0.000430

0.002958

. CZQnm/A . ler) 681
(r =0.932)
s (ZQue/A + Tyy) ¥
{r =0.878)

0.000000241 » (£Q o/ A * Tare) “-“)

0.001650

0.0000573

0.0001995

0.0002205

0.05532

0.005460

0.004472

0.0000446

(7 =0.859)
s (ZQper/A » Tyy) 144
(7 =0.84D
* (EQner/ A = Ty 97
(r =0.924)
c (ZQne/ A« Ty, 128
(7 =0.658)
v (ZQnet/ A * Typ) 18!
(¥ =0.903)
c (EQ.c/A » Tye) "o
(7 =0.884)
 (ZQae/A » Tay) 9%
(r=0.952)
+ (EQnei/ A = Ty 087
(r =0.894)

* (ZQua/A « Ty o2®
(r=0.719)
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£ 5 ANty - VBIOE 4 ® FoK0 B
Table 5(d) Comparison of fourth model with river groups classified by land use in their
basins
GHIEA a4
Sl HOoH s @ o o# @ BB # & J

GBIE 2/ - 5 HIER)

11 aFF C2ZTN - 3 D

BETE (27 - 2 FilE)

4.214 - (ZQ./A - Tran) ™57

(r=0.611)

0.1242 + (ZQuet/A = Train) *™
(7 =0.814)

0.1362 < (3Qua/A * Trai) >
{r =0.665)

5.609 +(SQue/A * Trai) *7
(r=0.729

0.5247 « (Z@nei/A = Truin) *™
(7 =0.616)

(0.8385 s (5Qne/ A » Tram) =
(7 =0.396>

0.1400 + (ZQuer/A * Traso) >
(r =0.570)

0.9396 + (EQner/ A * Trai) **¥
(r=0.822)

3.013 - (ZQnet/A * Tram) ™
(7 =0.617)

G.06854 « (£ 0er/ A * Train) *7
(r=0.772)

0.01031 » (3Q e/ A » Troin) %50
(r=0.601)

0.01328 - CZQnﬂ/A . Trnln) 1429
(r=0.79D
(0.0005345 * (ZQue/A * Pram) '-m)
(7 =0.895)

0.001660 - (2Qne|/A - Trsln) 1148
(7 =0.570)

001679 * (EQne:/A . Trnm) b7t
{r=0.758)

0.008623 * (ZQue/A * Traia) ™
(7 =0.700)

0.005577 *» (ZQue/ A « Trga) ™%
( r =0.710)

0.000998 - (EQ"EI/A - T,-..]n) 1271
(7 =0.965)

002285 * (5Qn/A Trnln) 1138
(r =0.88D
0.04228  + (ZQqet/ A » Tri)
(r=0.880)

0.001441  + (ZQuer/ A » Tryyr) *208
(7=0.919)

0.00001149 « (ZQ e/ A * Tran) ™%
(r=0.770

0.000106 » (EQe/A * Trai)

{7 =0.903)
0.000992 - (Z@ne/A * Train)
(r=0.872) .
0.002487 < (SQne/A * Troia)
(r =0.626)
0.0000282 + (E2Que/A = Train)
(r=0.911)
0.0000141 - (2Quei/ A * Trpin)
(r=0.883)
0.0001115 « (Z@ e/ A * Train)
(r =0.763)
0.000180 « (ZQne/A * Tram)
(7 =0.949)
0.05527  + (3Que/A » Trai)
(7 =0.854)
0.003090 - (2Qui/A * Praind
( L(r =0.925)
0.001004  « (E5Que/A * T
(7 =0.906)
0.00001703 * {ZQ e/ A * Trar)
(r=0.82D

2.049
L482
0.973
2568
2279
1.820
1488
1.045
1.359)
1.43%

1459
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Analysis on Basic Unit of Runoff Loading Classified by Land Use in River Basin

HmEH B

Senichi EBISE’

Abstract

The pollutant sources in the watershed of Lake Kasumigaura are mainly non-point
sources, such as, paddy field, plowed field, forest area and urban area. Generally,
unti! now total loading by influent rivers into a large lake have been estimated by
addition of drainage loading. with load basic unit of each source and by multiplying
its sum by drain out rate and incoming rate. In this report new method by using
runoff load basic unit which is load basic unit contained drain out rate and incoming
rate is proposed to estimate total loading in place of the method by drainage load
basic unit. One of two methods to determine mnoff load basic unit is the method by
observation data of river basin with single land use type, and the other is by
multi-regression analysis of river basins consisted of many land use types. Specific
runoff loading of river is consisted of sum of the products which are runoff basic
units multiplied ratio of area for each land use type. Therefore, runoff load basic
units could be obtained as regression coefficients by multi-regression analysis of
multi-variants linear equations neglecting small ratio of area. Unless analytical data
contains fully the data at stage of storm runoff, a regression coefficient becomes a
negative number. Also, if a river basin is regarded as a single land use type, runoff
load basic unit could be determined by runoff loading a unit area of its river basin,
After determinining runoff load basic units by observation data for urban area basin,
mountainous basin and rural area basin, total influent loading into Lake Kasumigaura
could be estimated.

I Bu2Eofgi AELEEEE T305 &IREREES HEEVNEI16%5 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Table 2 Ratio of areas classified by land use types in the watershed of Lake
Kasumigaura
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Table4 Basic units of runoff loading by multi-regression analysis

ERF
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HBE LTI, TORTEROBEREIR LT3 EMBHETES,

5. B—-+ KRR BRSO RS RFELA ,
7KH - At (BEBRESL), M (BEtEE), WML LOmBEARD 3B, s ki
O E TN 21DV Tid, ZOHRGED S R—O- HRBHEOKIES L ThBmNRUD
TOEFRAMTH S, KO LMt GREMESt) F@ENREL D, WO FREOERSELT
HRRE L > THBE L EHBEN, LT, AIERBHEE LTOLHE FiicgThz) &
hift o o R (kM - Mt - @EAKESE) RO - TRERROGEMO L > E 54K
T, Th¥hodigs o0 RNARNBRENBORFEITIC LTS, Th, BEOWRICL-T
BHAHRREME LTHOhIEINTWALD L —RIRERET 0T, FhoDEEORBETS,

(1) (L & M mibE

Lt EDABE UTRADSHANIKNDOKR - KEOEBRDIFTH Y, HIFEH,OER
AR R L AN RHETREBRON 25303 Ny 2750 v FLLTORBENRE
WS D, WRE U ATINEZEEN ZFHEN N0 EHERr M3 /MEN, FILREUARIER TH D,
WIS HBELREHREE T 2/NANTHE, 2055, AMERIFELOHSEORER L% R
H&TEMEOFEKT 5 EOKRE NIIIT, HETHETELETFOAREDTHIIKEHD
LD, BREANOERELIH LIRS TS 2. F4, FR &N, JELhoEf
WES A LROEM LB EHRE T 2/NENITH O, EFRBEIMTS S5t - TR TIRABE
FLELUABMMOD = 4 P HBEAD, BEFBET 2 HRMEETH 3,

ZD 37D 5 S TOE RSO RNER & A DEEORRREE & FHATRRENEES
RY . COBRBOFHHAMBROMEIT, BXEOMBHFHOHHAMRD 3 BoHEEBX
B 1 2B R 18R FHH AT RAROERLH W, 25, BRREHANBREECST 2B
Mk L5 FNEGE TORAES, BERHOBEHMN & EEREEOC D OBRROERRHN RO
ENMOMNSH S Bl bAv 5 L EMTE 3,

#£5D3MND5HRI, AOEER37T~127 A/km? OHETAEAIHBETHhE S, B
BRI & A E R OKEROBEAOWM > ORIREL b I3 it/ U HHBARRRRAMLIE-T
WE, FLRENEND 4 FRiR, 3ERC L~ voFHRMRFRNES-TED, RFLv—7
L LTHDRA 2HIBE TR 5. Licds~>T, RIERFEROBAIEY 2 b QR ERTR %1 s
BOREAMBIREAE 35, it 4 FIRPEO BAIHERLS - 0 ORHAMRICE, (iSO R
HARBRGEEIN T34, FOHKEREMHAMBEBAIVNS VRS, TOF TRl
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Table 5 Basic units of pollutant loading in mountainous stream and agricultural

land rivers
o e ADEE T-N T-P T-COD Cl-
n
km?) (A/km?)  Chg/km®y) (kag/km? vy (kg/km® y)  (kg/km? ¥)
X fER LU 3.1 126 233 51 142 1,020
F LUK £ MR 6.31 89 1,420 325 2,100 5,500
AN -l ot 57 2.36 49 1,060 112 4,560 6,180
Al Hrifi 15 7.99 37 975 118 3,590 5,530
s ki LR 17.63 87 1,730 200 3.400 5,300
4 Wi — 8.6 66 1,300 190 3,400 5,630
(2) Thesbiie

R o DR ARRIC D0 TR, AEHERETERT L FENE, LEDENTHE
A BT WA OBEERNS S, 72, OO0 &iIdFEEESS TRics 2 Hi
FNNWISEN EEEN D oDOFIR, X o, REO FHHIC g sELT 27N 0FREOH
BEERNHZ, Thoo5ENITR, G481 HOHEET | EROEE M RERE & 68K 24050
AMRBHABOHREC L 2HHAWRRABNERDSEBTE, 2OBEFEEELHRL TS
IRY, BABUBMANRENL, —BRLB0Ha65TASH, MEHRHIEART > T
5. ILENOHED A 4 BORAEROTESETHED, ik 1 BoHilETH 5, BZENDL -
IR TAREOER L -ERS b, thom)HEcR FAREAHB S THI 0, Tighims
HERLAODBEORTRUHRE AERFEEMORED S, FR)ISHHEBED 7 = 14 F OEOF
WEThy, Hic, IWEHAHEEOBOFAIIRETH A Lhbhd,. L O ATRERBA
Rid, EEEHALG TUL, TRBEKOFEE LS 3 0w, TithmEEBES ADBED Slsic
TR EWET AL L RNETEEY, SBLtORMANRRBEMSEA T LB TE 3,

#6 FED oMo, ARMAEHOBRESLENT, LlthEhoBS s #EEiN T,
shzhomEtEsid sk, THRIVSETOHEESERSS), ToBME SEML 2RLAHR
EBTH S, LD, WENOLEHEICE T 2 AOPEEMLTLEC L5 AMOK S s Hig
Sl ot CORBAMBEEAR, SHE,SOHMAMBREMIICHETR - FEELa4
T A9, HHMOFRACOME LBRHSE TORTER>, HTXBTORKRRELED
HEREDH TEECRIETCEBEIONS, X6 RTHRO S WNEHOR ME R RGIHAIL,
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Table 6 Basic units of pollutant loading in urban rivers

—_— WRER ™ & AREER T-N  (kg/km? y) T-P  (kg/km® vy} T-COD (ke/km? y) Cr (hg/hm® v
[

{(km? (%) (A/km? ERSEM 24 S5RTER TR 24 BRIHEN  ERERR 4 RREA ERRA 24 REEN
w E 12.4 38 1,772 4,550 4,500 740 890 10,200 9,600 30,500 34,400
G| 6.48 44 1,939 2,320 1,740 480 440 6,910 4,750 18,100 18,100
=) i 17.6 33 902 1,710 1,900 270 300 4,930 3,340 12,600 17,000
(A=l 3.4 37 1,068 3,730 2,810 210 300 4,390 6,770 22,900 32,100
& & 24.5 16 541 1,680 2,800 140 230 3,940 4,490 13,600 17,800
T 2.10 — 8,058 18,000 16,300 4,860 5,140 59,600 02,100 105,000 116, 000
T 4.12 — 2,660 — 1,510 — 430 — 4,740 - 19,900
5 [ JI13E 19.1 34 1,052 2,800 2,750 370 430 6,070 5,790 19,500 23,900
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EWHAERT L, TAEN -BERLALFINZEEH TR0, HHERARNO S b ELH
FHHFEII2IE LA LG URY, BHFROFHLTERGEE,» S DOETHEEEL 2,

(3) XMIcL B

BEEDHR Cit, #H A BREA L TRHEROBRREHEORE S ORI Oih, F
LHRMOBRBMRE LTORRY, HEHL 2 RUMEY OWEHH 5, BRY, FHs Y RUM
H® OmER, HHaaaEst s ERBOERACL 3ER{LZBELLLDTH S, KHIEB
ELTRBODAMHLTH BH, FIHOANEHILFZO/NMNAMNFEES T, T-CODH 146 ~2,770
kg/km?y, T-N#110~1720kg/km?+y - T3, ZOMOTWAR, EivEH (1)
DA DBE &, HWHAEEFAIOBEEEBIEFREL~VvEL TS,

T, HHATREEACIEEL, AARER;COSHANRERFOFRKHIZEL TR
F{H3, LirL, FOEEAENAE—OLHEHTHESTENL G, BT HI40A -5 -
HEBR L BPHETOHMSRLORE LM AR BEEA &, KBEIC20TT-NT4,000
kg/km? +y, T-PT490kg/km? » y £ >T 3, THOOMEE, (1) OHREMAENIDES
 D25~3 LI STV S, CHhIHH®E « MERHFE L ShhEREAMBERALOL BN T
3085, WHIHE« FOEREA)IMRKICE > TRIZ L, BEMKIHEEST 3AXEHHZL->Th
#ESTL B,

(4) RBALRGREBN I L ERr BAORARGROBE

(1) £ (2) OBy (FEH) KEAOEIICSY 2 EHaMRE O ZIEE By, iR
T & 3L HPIERENER, S, Byl (58 ~ORABFROBELITS CEHNTEB, 11
FREEINERO > B, KE - KA E0RKELEIC LD AHBEEN IS EHELPIWDT
WHL, KE - @ WEMESE) S XAREETAMNE L THR RO M a RS
BV B S, M (SREST) RILMORNA A RS 50, BEMTERTR—
Wikt (UESE) FRALHBAMRREAM L N> T3, Lidi-T, HloR55MiE
Liigad, 0TS £ERLIBEO2ikad T, Byl (FEH) ORAANROWESRIT
2L &Lt B, $UbSL, AEXHEMETEMORSDA L LSt tE LT, 2O/t
HHOBSS42MA L bOESTELTETILRT,

(1) & (2) OMMBMERFNA G, RRIERH2 ORI A AS-3RB S hi- b TR,
LT, HTOMEE,H (G LHWARNGER N RFARER L HET 5., AHOFS55
HISLTThHY, BRARHE~OEEI/ IO, 2BANIIEEaNGREtRIcE3E, T-
Ni22,095t/y, T-Pi125t/y, T-CODI35080t/y, Cl-H 15913t/yTh~to THS
D& HELT, RTOERT-NTHIADL, T-PTH2ME, T-CODTHISLD !, CI
THIES & 185, KB & AE G CIND T -2 &, HEMRRORE SR RE R 9L EID
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# 7 T ERERNRHAHRERMC LIE A H~N0BRRARWTROETY
Table 7 Estimation of total influent river loading with basic units of runoff loading
classified by land use types

T-N /) TP (t/y) T-COD (t/y) - a/y

18FN ¥ M AN W\ oW 18FN W W 1IBWIl @M
WoOB O A£WKE W OR 28K K R O AFEKE R O SSKR

FE [8 12 808 959 118 140 2,113 2,509 3.499 4,154
Bkt 261 289 74 83 820 911 3.443 3,825
A 1,069 1,248 193 223 2,933 3,420 6,941 7,979
L 86 95 19 21 52 58 382 422
& i 1,155 1,343 211 244 2,985 3,478 . 7,323 8,401

BALYPEONSHESEErANRTE, HEBZORFRAEELI NS, UL, T- PO@EM
K& - RRE, HRMHEBOHHAMRFEMSAKED I EILEZEEZELOND, &5
i, TReHEmbiAL LRLBBRFAKLERBOXRELABRATSEORERELREILTL
AMhOF v 7 bHELBEDbR S,

6. & W

BB L OANHEAKE~ORARMBROREERLE LT, #Xkho08EAHHFEONS
BB S Ofs LARE G B D, HNIGH A REHHES S MR - RBREBALETO
R SR R F L B R B AT OB R RR L, S o, Bl (B sy T
H— - R EEE S Rise 5 F)FE TORM a6 RS o, RUANRRARMERD, B
il (PR ~ORFEAAHROHE bRA I,

SRR i, B4 o b R TS AE BT A bk & - b R TR HER Ot & A BRI A ORE D F0ASE]
N ANRTHE LT 2ESHERFREREMV . Byl @) REO > 5 Lf HEE
BIER LR AR TS 2 18F114°, HIC R[4 - Tid | ok T | FROFHhANER
BAED & 2 10F) | & BiF%Ric LT, BRHEEE LTBLh 3R AR RFAREERIT L. &
ORFERIIEHRTO A, BITHR07 — 7 OBRAASRITKRIIRE (REBLL, Bohk
AR A, H—0LMRIREERR S B 2 N HRETHES h i AR R AL
VAT S o720 UL, BFTHSOR 7 v—7OREFEBICEL » TRADH M ARRERA
LI BEaHE -, ChiE, FiRAHSOAMETNTEREAME L TAENIBYK->TH3iIC
Lhhbod, AREANOREICE > TY = 4 F OBEVBRASKE2OAMRPTARRI LT
— 5 LAELRNC &, THOHERIEIAD LRMBIBKIKS & OREOA S EREANOEE
bEAL T — s ThAT L &, HENRELELL DL, ChoOMEarRRENIE, COR
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T/, o+t HFAKERRE R 3RIRics 0 2RIREAMHR» S, SL-FHE
EHREHAERE LT, BE1fBEBETCOEECEZHKOEEL 20 hicEn BT, Fk
B, HEMRRR OHERRRE L TORENSHRBRNREEMARE L, £O%RLB.H
(A1) ~OERUANFROREECERAL HR, 2RAFRHANERASERLHELT, T -
PHKI2IMEEREL, T-N&T-CODBELEIND 1, Cl-BHERDETH -1z, Lhid,
HEIFED T - P ORHEHREEMSAE VT &, TEHROT-N, T CODRUCI- ®
HHEFREEG BN Ehscr btk 3, £/, ARMBERTHAKEE @SR S U THB A
BOREMNTEUP->LCLORRLEELLN S, &5, £ ORBTORMEIERT HIL,
At b DFGEY, BormfBoREHEE LTHATE3EER D,
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1. 24 ONEIRNERERN D ORBEERH

Nutrients Loading from Carp Culture in Floating Nets in Lake Kasumigaura

R SFIL - SRETEAS FPBEE

Morihiro AIZAKI', Katsunori KUSIDA? and Masaaki AKAHANE?

Abstract

Carp culture in floating nets is one of the important nutrients loading sources in
Lake Kasumigaura. The carp culture has rapidly increased since 1969 and the
production of carp was estimated as about 5,000-7,000 t/y in whole basin of Lake
Kasumigaura during 1976 to 1981. Nutrients loading from carp culture has also
increased with the increase of carp production and that was estimated as 90-120
t/y in phosphorus, 460-630 t{y in nitrogen and 3,500-4,700 t/y in carbon during
the same period. Floating nets of carp culture are localized in the central part of '
the lake, so this region received large amount of nutrients as compared with other
regions, Rates of nutrients loading from carp culture of the whoele annual loading
in this region were estimated as about 46-51% in phosphorus and 34-43% in nitrogen.
The rates in the whole basin were also estimated about 20-23% in phosphorus and
15-19% in nitrogen during the same period. Excretion rate of nutrients from the
feeding by carps was determined experimentally as about 80% in nitrogen and 86%
in phosphorus of the given food. Nitrogen was mostly excreted as dissolved form
and phosphorus was mainly particulate form. These excrements were easily used
by phytoplankton,
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© Water and Soil Environment Division, the National Institute for Environmental Studies, ¥ atabe-machi,
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Byl a4 ORI 1963 ~ 64 FEHL H HEREICEAE S f1. 1969 ~ 1970 FEHL b 2BUCHM
Lic. ABOBMIL, TDEFLREOBELFEL, T A ¥—OKRIUHTLTHEES f2db,
HESBOIAE & bic, BEBLTOEIKEOKE, EERBEICREUELAE U Ak
@V (BERKERESE, 1977) 24 DNBREOT Tt L3 BMORE, MR TRUEGEETH -9
KA A2HBRIAEL, ZOLHIUBRBOTORTH3M, IS i, MHHSTIHOE
KBILOKZHERODO—2& 45 TWA (Yamagishi ef af., 1972 ; #k5, 1979 ; EH S, 1979;
S, 1981) , MO Tk 3T BENSORMNRIL, SHHRAREIMDOLEDBTROED
SERMWICIR MR I EIMSTETS 5o oL, EBCIZa 4 otk D& 15 5 A DRAEEMN
BAMRLE TS LEL OO, TOEHICEAHOELE YV, KRR TR, Briicbdsa
1 DNERBREE, SOANRETADEERDOSHEEST B E L bIT, 21 o 2EnEHE
EHOEEBORFARFEHILEOBRENHINZOOFROVTRM 2T 72,

. K &
2.1 ARROHE
AFNERERHMEARE 2 A D& VBFROESSKRICLVEHMAIKTH S GHAS, 1981),

L=Fx(a/E-§)

LT, L AMNER, F 4£ER., F AHYR, o ZXOXBESHER F: 31 O¥BESS
R, N

FERICEL THERFEESBRKERTEE (QHEBHERBHRITFET. 1983) RUKHMED»
ML KERBERORAEEN (REE, 1979) 2 L, ENPRIKECHOEH, 51 5%
RLODPRYREL-TL BN, TR IIBEOR 4ifidbilic sy 345/ (9,5291) & fFHE
HE (16,913t) L DM 0.563 2z GREER, 1979), AEZORBESERIBL Z00FL L%
GBS EARANORBEESTR, BH656%, V¥ L1 %, RESB LAV, 31 OREE
SERE LT, ER258%, Y v 0.237%, RELFEHOVEL (ELXERAHTEERERA
£, 1961),

2.2 HEOShIRREORE
HF K 0.78 m® A ARSI AR (1 m®) i 300~500g DXk <HHL LI 2 4 110TA A L, B
ARSEN (RRU%, BH6.0%, ) 245%)30g 254 Mk, WURMOMKEOE(LE 8
BRL 7, ASRBAXTRUBHADIBILR <ON/ T SRR Lz, 8T 1980108 1KiT -7,
ZDLEDKERIFE~IBCTH %o & AKBHFCUEIF2 2 7Ly — CHREMR LI
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2.3 BEMECHTIES
BATEHELFTAKE (0.6m*) kA 0.5m* 2 A, $400gD3 4 1LA2 AN, 8H3
g O ARRAAN RBEN%. EF60%, V24525 LTEZ, B2 AMOMAET
ORYHEH, FEEATEOLEBHL . TAMBE LTKERLE T EANRIKEIZOWT
bRIBIEHIEATT -7, EERIT 19814E T AR 1982 6 BiTiT- /oM, &+ D& & KB IHEH
25~31°C, #%EMI8~29°C Th - 1o

2.4 BIFAE

MBI ER (POC) RUE#RE (PON) BRESHUHA50°C CIRMMBMBLI 7S5 2
ZrAn=7 g — (FURTH, AP20) TAHBL, AELOSEBIKOVLTCHN 72— (&
&.MTBQJFMELtD9uu74WaﬁEufﬁZ774N—74w9—(v7b7V&.

GF/C) TAB%, A% LORKICDTSCOR/UNESCOETIE L1z, LY ENBEERR
(BOD) 320°C, 5 BRIETHME L. BEEHRE (DOC) WiBFRY ) 74 TI70°C, 11
MAREAIE L 2 ( Menzel & Vaccaro, 1964), 72 =7REZH (NH,-N), HHBEE$E
(NQG,—N), WEEEZ (NO;-N), BEE2E% (DTN), 2% (T-N), HE®) v (PO~
P), ROV Y (T-P) @ERFI/ =024+ 7+IA¥—CSM6B XIZAAT®ERL
THIF L7 (GER. 1981 : ABIS, 1981), MEDTNRUT-NEEET AN ) HEBTT,
2 YI3ENENT CANES ) v Ak b, 120°C, 1 BRSBRBAEL .

I B B

31 AWROHETE

Byl bl sd 2NN BRETCO A OEEROFELLER L icmd. 19694FEH L b
BEICHEML T, BRATHEAS000t EVWEERNSZ, L LENS, BIHEEIKL-TK
TIBOHS Gh, PIAIERREE »~ WKESESH (R, 1979) OFERTIHE 1976 F, 19774
RUI9BEOLERMSENFNE 5191, 8216t , 9529t ThH-7fcDicHt L, FIRELISHKE
SIHES (MRAREIRGEH HHF, 1983) TIRS5,794t, 77051, 7,325 t FELEAS
Ao,

# 1121976 Fh 5 1981 F£F TOE # M @kBuc e 2 0 4 BREH» SORMROHEH AR,
HAEHORO I & - TOFLLLOEEHIA U B0, 1981 4FiITid = 4 H N S B 4 HilcER,
YU 118t, WEH623t, WEMA66Tt AR SN TSR,

Byicid s a4 OB, #OBicEL e EBE, HERBGLT, SRAGLENEZOH
AL, FagEmhEduld LiokRic@Bud+dB A8y GRIRE, 1979). /40
W2 1 ORESBAL 4 BHS108BOATE D, £FiICEHBEINL L, BIERIEBTHE
CBMHIBEEFT A TEHEAZBALTIEIORE-TVE, FLTIALOMERELT, H

— 105 —



ARSFEL - BIHRERY - FAIEEE

Production of carp ( ton.year-1 )

1 i 1 1
1965 1368 1873 1977 1981

Time ( year )

B 1 Sy sdtiliicss 2 RBEETO 1 £ERORELL
Fig. I  Annual changes in production of carp culture in floating nets in Lake

Kasumigaura
( © ) data from Ibaraki prefecture (1979), ( @ ) data from Ibaraki Statistics and

Information Offices (1983).

B, KRR CRAEH Uiz, TORREH 2GRS, MBE LTHEREA, A, #OEE
Uk om-oicsdiz (GES, 1984 ). #O8E, KEN it L EieEons9%, Ll
ADH25%, EIRA D6 % H Y, BRAEMIE 0 BEHE SN, BkBIHT 5 AJEEANR
i, Byt 2EMANERICE 2 CRULMBURERT S LI~ TRON S, AIZ . H
LD 1981 ETAORMBEEEBEE, Y V12, EH64t, RFELT6t LHEEEND, F 121981
F o FER A AR ) 270, EH 3681, RFE2753t, THAKY ¥30t, EH156t,
BE 1,167, miRAIY v 19t, R 100t RURK 56t SHEES NI,

— 106 —




A4 DPBIRNFREED b DR BE AT

# 1 Byrlicsdsa10/NABEENODY) v, BRRUREOERSSHE
Table 1 Annual loadings of phosphorus, nitrogen and carbon from carp culture in
Lake Kasumigaura
{t/y)
1976 1977 1978 1979 1980 1981
Production® 5,110 6,935 6,273 5.214 6.011 6.870
of carp (7.518) (6,840) (B.364)
P 88 119 108 80 103 118
(129) 17y (143)
N 464 629 569 473 545 623
(682) (621D (759
C 3.471 4,711 4,261 3,542 4,083 4,667
(5,107  (4.646) (5.682)

» RIRAMKEHIHER (RSB REIHEBR, 1983) -5, ( ) WRERERSH
JEmREE SR (BRI, 1979) 7 -4,

# 2 o4 BMANOS,HEKE, AU ) HEPORATLORAKE
Table 2 Individual nutrient loading ratio (%) from carp culture in each month and
each zone in Lake Kasumigaura ’

Zone Apr. May Jun. Jul. Aug.  Sep. Oct.  Total
Takahamairi 2.0 2.1 2.0 2.8 2.7 2.5 2.1 16.2
Tsuchiurairi 3.1 3.2 3.1 4.3 4.0 3.8 3.2 247
Central part of the 74 7.5 7.4 0.2 9.6 9.1 7.5  58.7
lake
Asou 1] 0 0 0 0 0 0 (]

32 HEODShARFEORRE

5 L7230 g o B RS R h R E 123 g, EH1.80g, V¥ 07385 gMEEN T,
X 2 izt kHR 5 % OKE RO TOC, DOC KU BODBEOEHELEATRYT. TOC BIE 13304 #%
o 4REERE T, RUI2MR &S S 10 E T T 2RIZBISEIAA Sh, i B
HEORTOHNELEETRL T, Zhick LT, DOCRUBOD#EEIZIF ~FOHEE TN
T BMEDBH Sh i, 4B5REDKETOLTREHEOMMNBR 6.34 g THD, ThidB5 LM
BHicS N 2R FEROMZHICHE Lic, BINL -2 EBRED > BIGLBHIEHEETH 1.
24RO BODREEIR 7.2 mg 1" Th b, INEREBICHES DL, 23N 2TBRE
BOMIBICHY L, Thid, 24 hoHY>ShAaREOHL ) OTaHMENEER S
ENBLEERTODOTHS, CHHDT EMS, 24 hoHE 23N IRBESAFORERET
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B 2 ERXKEIIBHIZA~DBUH#OTOC (8), DOC (0) BRIFBOD (A)
BE O L

Fig. 2 Changes in the concentrations of TOC ( ® ), DOC ( © )and BOD ( & )in
the water tank with carps after a feeding
BOD concentration was changed into carbon value using conversion rate of 1/2.67.

B DS ARPREOBFETHE DX NI BLDETEL, T3 hmEiTmtmic
BREEFAEZNBT EHMHCh LN -,

E3ikT-N, DTNRUTINBEOK CHROBEELETRT, T-N, DTNEUTIN B#E &
bR —EORETRMS BEEL S bz, URHEEDKIEHOLE RO 1.43gTHD,
ZHIIES LRt 2T NS BROKB0FICHEY Lic, ML A2EED S bHBTH ISIRE
EThY, BEELEROVGEVEREBEXRTH. LOTEDL, EREHDBEALIR
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Fig. 3 Changes in the concentrations of TN ( @ ), DTN ( C ) and inorganic nitro-
gen ( A ) in the water tank with carps after a feeding
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Fig. 4 Changes in the concentrations of TP ( @ )and DTP ( & ) in the water tank
with carps after a feeding
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Fig. 5 Increasing curves of chlorophylly concentration in the outdoor experi-
mental water tankes in which a carp was given 3g of feed every day
( O Yluly,1981,( @ )June, 1982,( & )control July, 1981,( & )
control. June, 1982,
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Fig. 6 Changes in nitrogen concentrations in the outdoor experimental water tank
in which a carp was given 3g of feed every day
(A) NH_-N, (@) TiN, (0) TIN + PON, {A) integrated amount of nitrogen
in the feed.

100
-
*®
z

80}
z )
b
-]

o]
g °r
L)
e
2
3 sor
s
o
c
&
o 20}
-4
1 L ] i L L 1 1

O 2 4 6 8 10 12 14 18

Time ( day)

B 7 S4icf#HRIg0RAERERULAKECBT 2ERDOKRF~DOOER
Fig. 7 Regeneration rates of nitrogen from the adding feed in the outdoor experi-
mental water tanks in which a carp was given 3g of feed every day
(0) July, 1981, (@) June, 1982
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Fig. 8 Regeneration rates of carbon from the adding feed in the outdoor experi-
mental water tanks in which a carp was given 3g of feed every day
{ O )July,1981,( @ ) June, 1982,
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BLUHM (4B -10A) DLRAARR (B), EMOLBAAMR" (O,
RU o4 BMELSOBRBOSFAEBMRIINT 28& (A/B, A/C)
Table 3 Nutrient loading from carp culture (A), whole nutrient loading during Apr.
-Oct. (B), whole annual nutrient loading (C) and ratios of A/B and A/C in
each zone of Lake Kasumigaura during from 1978 to 1980
(t/7 months and t/y)
1678 1979 1980
A B C A/B A/C A B C A/B A/C A B C A/B A/C
% (%) (% %) %
Takahamairi N 93 537 853 17 11 77 593 916 13 8 88 602 945 15 9
P 17 84 133 20 13 15 84 132 18 11 17 85 135 20 13
Tsuchiurairi N 141 659 1046 21 13 117 721 1108 16 11 136 798 1227 17 11
P 27 102 159 26 17 22 100 157 22 14 25 106 164 24 15
Central part of the N 335 569 783 59 43 279 595 821 47 34 321 639 887 50 36
lake P 64 94 125 68 51 53 85 115 62 46 61 93 126 66 48
Whole basin N 569 1961 3012 28 19 473 2150 3227 22 15 545 2286 3464 24 16
P 108 308 464 35 23 90 298 452 kH 20 103 313 474 33 22
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DR. Sakai

DISCHARGE W. TEMP CONCENTRATIONS OF WATER ITEMS (mg / liter)
DATE

{m*/ s) C) NH,*N NO,-N NO,~-N T-N POSP T-P Cl- S8 CoD

June 3 0.52 21 1.301 0.201 0.681 2.788 0.268 0.454 28.4 17.9 7.41

10 0.42 22 1.35 0.237 0.633 2.7 §.349 0.564 27.9 18.8 7.86

17 0.52 22 1.056 0.197 1.068 3.104 0.227 04.578 23.8 14.3 8.73

24 0.55 21 1.096 0.287 0.705 4,922 0.343 0.577 27.8 15.6 8.75

July 1 0.50 20 1.871 0.148 0.814 3.675 0.340 0.802 25.1 25.1 8.9

8 0.29 27 2.123 0.300 0.675 3.493 ¢.517 0.822 31.3 13.1 9.76

15 0.49 28 1.785 0.210 1.118 3.660 0.459 0.781 28.7 17.7 8.36

22 0.50 28 2.071 0.332 0.716 3.728 0.344 0.613 42.0 22.0 9.28

29 0.32 26 1.108 0.272 0.826 3.138 0.288 ¢.513 28.0 10.5 8.79

Aug. 5 0.29 25 1.206 0.341 0._748 3.808 0.276 0.571 30.5 28.3 6.71

12 0.27 25 0.899 0.362 0.949 3.067 0.284 0.428 28.9 16.4 5.70

19 0.26 25 0.763 0.334 0.852 3.298 0.264 0.411 27.9- 1.3 7.46

26 0.29 27 0.566 0.262 1.188 3.863 0.370 0.557 31.9 20.5 8.52

Sept. 2 0.30 26 0.931 0.160 0.510 3.124 0.149 0.483 14.8 14.7 6.73
9 0.48 22 0.378 0.190 1.048 2.869 0.167 0.380 24.4 19.7 7.43 .

16 0.11 22 0.416 0.144 0.653 3.477 0.188 0.647 15.7 18.3 7.21

24 0.09 23 1.150 0.341 1.315 3.431 0.442 0.634 34.8 13.5 5.88

30 0.13 21 1.125 0.287 1.137 3.086 0.219 0.508 33.3 14.0 7.28

Oct. 7 0.09 21 3.431 0.259 0.943 4.662 1.350 1.395 36.6 11.1 120.0

14 0.20 20 2.955 0.325 1.681 5.560 0.585 0.585 33.3 23.8 10.17

21 0.18 18 0.761 0.158 1.789 3.719 0.128 0.923 16.0 26.1 13.45

28 0.30 16 0.654 0.070 0.787 4.341 0.068 0.352 14.1 21.2 5.00

Nov. 4 0.45 16 1.444 0.178 1.692 4.128 0.150 0.372 31.0 30.8 5.48

11 0.29 14 0.638 0.091 0.883 4.404 0.0%4 0.670 15.1 185.9 11.61

18 0.23 13 1.735 0.198 1.881 4.694 0.287 0.533 30.5 19.3 6.05

25 0.15 12 2.117 0.266 1.794 5.968 0.285 0.414 35.5 6.8 6.87
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(DR. Sakai

DISCHARGE W. TEMP. CONCENTRATIONS OF WATER ITEMS {(mg / liter}
DATE

{m*® / s) ey NH,*-N NO;-N NO;—-N T-N POFP T-P Cl- 35 COoD

Dec. 2 0.20 12 1.490 0.274 1.397 4.103 0.285 0.560 31.0 8.1 7.82
9 0.14 11 1.533 0.080 0.846 9.917 0.222 0.742 17.7 8.5 79.23

16 0.13 9 2.960 0.155 1.400 5.440 0.271 0.460 32.5 8.0 6.42

23 0.12 9 2.791 0.182 1.272 4.271 0.351 0.571 32.9 8.9 6.05

29 0.11 10 2.181 0.095 0.740 3.593 0.167 0.343 28.7 8.1 5.66

Jan. 6 0.21 10 1.420 0.102 1.106 2.897 0.115 0.282 25.9 7.8 4.68
13 on 10 3.183 0.106 0.944 4.740 0.274 0.681 30.5 18.6 9.24

20 0.09 9 2.859 0.147 1.089 4.593 0.224 0.515 31.0 8.3 8.91

27 0.11 10 2.671 0.135 ¢.621 3.638 0.264 0.534 28.7 8.8 7.55

Feb. 3 0.11 10 2.369 0.168 0.901 4.007 0.576 0.961 33.2 19.8 9.68
10 0.12 10 2.471 0.115 1.158 3.805 0.410 0.697 31.3 12.1 9.90

17 0.12 12 2.835 0.108 1.302 5.119 0.909 1.226 31.2 6.9 10.14

24 0.09 11 2.411 0.143 1.097 3.841 0.298 0.492 29.9 6.5 8.03

Mar. 3 0.14 13 1.969 0.141 1.009 4.191 0.255 0.606 30.9 12.4 8.95
10 0.14 15 1.013 0.097 0.663 3.985 0.274 1.003 15.3 29.6 10.10

17 0.13 15 2.390 0.157 0.564 3.282 0.328 0.613 31.3 10.0 8.58

24 0.09 16 1.248 0.106 1.390 4.342 0.425 0.908 35.8 21.6 11.76

31 0.20 16 1.760 0.204 1.171 4.838 0.395 1.377 55.9 134.8 21.25

Apr. 7 0.08 16 1.909 0.163 0.417 3.168 0.343 0.588 27.1 9.9 9.56
14 0.07 18 1.984 0.140 0.045 3.376 0.371 0.613 35.2 15.7 9.25

21 ¢.15 16 1.562 0.122 0.634 3.565 0.118 0.629 22.8 59.1 11.77

28 0.28 16 2.839 0.308 1.317 8.331 0.330 1.148 54.9 53.4 14.66

May 6 0.39 19 1.427 +0.158 0.680 4877 0.056 1.636 30.2 596.2 46.36
12 0.29 24 1.376 0.230 0.738 2.854 0.201 0.402 33.5 25.6 10.19

19 0.39 21 1.089 0.246 0.735 4.812 0.197 0.401 29.8 22.8 9.93

26 0.24 23 1.054 0.223 0.632 2.843 0.178 0.375 37.0 1.2 11.82
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DISCHARGE W. TEMP. CONCENTRATIONS OF WATER ITEMS (mg / liter) .
DATE

{m*/s) cc) NH,*-N NO,-N  NO,-N T-N POFP T-P CI 55 COD

June 3 3.67 20 0.188 0.09 0.880 2.125 0.037 0.118 26.8 18.9 5.57
10 3.92 22 0.172 0.097 0.886 1.952 0.041 0.100 23.0 15.5 5.99

17 6.55 21 0.195 0.099 0.949 1.923 0.076 0.184 17.4 35.1 7.34

2 3.72 20 0.269 0.097 1.020 3.288 0.048 0.191 21.2 39.1 6.43

July 1 2.87 22 0.101 0.065 0.954 1.919 0.040 0.090 18.6 12.3 4.50
8 2.40 25 0.082 0.055 0.880 1.782 0.037 0.075 19.2 7.4 4.32

15 3.55 28 0.095 0.043 0.449 1.217 0.038 0.087 21.1 12.0 5.12

22 8.78 27 0.189 0.067 0.445 2.139 0.062 0.200 15.2 46.5 6.79

29 3.20 27 0.098 0.071 1.320 2.184 0.038 0.058 21.2 9.9 3.99

Aug. 5 0.67 26 0.114 0.030 0.431 1.160 0.036 0.051 26.5 4.3 3.75
12 0.93 26 0.085 0.017 0.108 0.733 0.035 0.050 28.8 3.8 4.76

19 0.75 25 0.083 0.017 0.138 0.942 0.028 0.059 28.9 7.4 4.81

26 8.14 25 0.088 0.024 0.763 2.174 0.038 0.153 20.0 45.2 4.98

Sept. 2 4.95 26 0.216 0.054 1.189 2.129 0.046 0.094 19.1 26.5 3.93
9 5.21 21 0.138 0.079 1.367 2.446 0.045 0.113 20.1 24.9 4.30

16 3.97 21 0.138 0.060 1,428 2.587 0.052 0.126 19.7 27.3 3.91

24 2.31 23 0.066 0.055 1.633 2.635 0.040 0.079 24.4 16.7 2,56

30 2.32 19 0.155 0.068 1.649 2.619 0.040 0.107 22.0 22.6 2.9

Oct. 7 2.64 18 0.152 0.061 1.868 3.002 0.047 0.121 21.9 6.7 3.09
14 5.33 18 0.149 0.073 1.946 3.181 0.036 0.095 1.3 21.0 3.03

21 4.43 17 0.094 0.057 1.815 2.870 0.038 0.089 19.6 5.7 2.69

28 B.82 14 0.125 0.040 2.458 4.358 0.034 0.117 13.1 36.8 3.30

Nov. 4 6.87 15 0.021 0.057 2.107 4.103 0.040 0.120 18.8 32.7 4.40
11 5.39 10 0.139 0.070 2.468 3.525 0.030 0.071 18.4 13.4 2,42

18 4.63 12 0.228 0.099 2.410 4,027 0.041 0.082 19.7 10.8 2.26

25 4.03 9 0.285 0.100 2.286 5.157 0.031 0.063 22.2 6.3 2.63
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@R. Sakura

DISCHARGE W. TEMP. CONCENTRATIONS OF WATER ITEMS (mg / liter)
DATE

{m/ s} {C) NH,*-N NO;-N NO,"-N T-N POI—P T-P Cl- 55 COD

Dec. 2 4.99 . 8 0.188 0.075 1.793 3.405 0.023 6.059 21.6 6.4 2.45
9 3.35 7 0.244 0.090 2.080 3.641 0.023 0.065 21.6 5.8 2.49

16 2.48 4 0.594 0.079 2.101 3.727 0.026 0.085 21.1 5.5 2.03

23 2.66 ] 0.863 0.066 1.921 3.449 0.029 0.071 23.4 4.7 3.13

29 2.22 6 0.913 0.047 1.759 3.154 0.030 0.093 20.6 5.5 3.97

Jan. 6 4.75 8 0.302 0.064 1.5675 3.122 0.050 0.246 17.7 63.2 6.93
13 2.52 6 0.564 0.079 1.642 3.581 0.032 0.094 15.4 7.1 2.58

20 2.37 3 0.709 0.047 1.620 3.611 0.031 0.098 19.9 3.9 2.74

27 2.08 b 1.283 0.08% 1.446 3.437 0.029 0.112 21.3 12.6 3.42

Feb. 3 1.89 4 1.753 0.046 1.425 3.481 0.032 0.119 20.3. 8.9 3.42
10 1.65 4 1.356 0.036 1.459 2.985 0.036 0.082 21.4 10.2 3.77

17 1.70 7 1.095 0.046 1.419 2.910 0.034 0.124 21.2 13.8 4.19

24 1.94 7 1.028 0.055 1.647 3.278 0.045 0.141 19.9 17 .4 4.82

Mar. 3 4.09 8 1.340 0.058 1.678 4.191 0.067 0.351 19.1 69.4 6.57
10 2.21 9 0.805 0.075 1.661 3.093 0.034 0.194 22.2 13.6 3.52

17 2.28 13 0.888 0.114 1.628 3.247 0.046 0.227 21.3 20.5 4.88

24 3.18 14 0.344 0.099 1.850 3.328 0.034 0.184 20.8 25.8 4.68

31 1.95 13 0.678 0.139 1.897 3.870 0.041 2,193 21.9 16.2 9.43

Apr. 7 1.38 14 0.506 0.192 1.742 3.658 0.045 0.166 18.6 13.5 4.62
14 0.10 16 0.263 0.100 1.361 2.635 0.033 0.113 27.3 10.9 4.84

21 3.48 15 0.308 0.095 2.160 3.788 0.021 0.113 20.6 16.1 4.05

28 1.05 15 0.194 0.099 1.705 5.318 0.024 0.131 26.3 8.3 4.26

May 6 1.71 20 0.393 0.272 1.510 2.934 0.031 0.104 31.7 12.0 6.10
12 1.15 22 0.178 0.134 1.234 2.332 0.031 0.063 30.5 7.1 5.47

19 1.27 20 0.197 0.128 0.987 4.150 0.033 0.053 30.3 9.2 6.30

26 1.08 21 0.114 0.071 0.831 1.878 0.027 0.071 27.7 6.9 5.59
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@R. Bizen

DISCHARGE W. TEMP. CONCENTRATIONS OF WATER ITEMS (mg / liter)
DATE

{m?/s} c) NH,*-N NO,-N NO;"-N T-N PO—P T-P Cl- 55 coD

June 3 0.12 20 4.328 0.424 0.284 5.769 0.777 1.186 46.1 15.8 8.9
10 0.13 22 4.328 0.242 0.022 5.410 0.830 1.328 45.5 12.4 14.5

17 0.16 22 3.195 0.202 0.397 4.857 0.334 0.996 29.6 17.6 14 .4

24 0.14 20 3.725 6.252 0.250 7.564 0.719 1.068 39.1 12.6 13.2

July 1 0.06 23 3.786 0.195 0.706 5.294 0.899 1.205 43.0 7.0 11.8
8 0.12 28 3.983 0.111 0.037 4.348 0.928 1.432 44.0 6.8 12.8

15 0.10 29 2.929 0.265 0.391 3.810 0.708 0.959 34.0 9.7 111

22 0.11 29 4.652 0.315 0.187 5.229 0.665 0.995 30.4 27.8 13.4

29 0.08 29 3.182 0.358 0.788 6.321 0.700 1.031 42.0 9.8 12.3

Auy. 5 0.07 29 3.414 0.309 0.344 5.131 0.920 1.206 49.2 9.6 12.6
12 0.09 27 3.085 0.167 0.321 4.040 1.038 1.340 50.0 21.6 14.4

19 0.05 27 3.419 0.135 0.165 4.489 0.959 1.135 46.8 12.6 13.5

26 0.06 27 1.586 0.223 0.154 3.984 0.618 0.915 41.3 12.8 14.6

Sept. 2 0.05 27 3.193 0.180 0.005 3.546 0.715 1.126 46.1 18.0 12.0
9 0.21 21 2.060 0.247 -0.408 3.215 0.453 0.7%6 36.1 27.2 12.0

16 0.07 22 2.432 0.165 0.001 2.981 0.622 0.960 41.3 11.5 11.9

24 0.05 23 3.154 0.116 0.001 3.362 0.790 1.222 56.0 27.8 12.2

30 0.06 21 3.046 0.303 0.082 4.370 0.641 1.187 49.8 21.9 19.7

Oct. 7 0.07 19 3.729 0.371 0.093 4.620 0.764 1.303 51.0 9.9 12.4
14 0.06 19 3.438 0.445 0.514 4.465 0.650 1.050 48.5 16.8 14.2

21 0.06 17 3.894 0.053 0.001 4.149 0.975 1.560 48.4 11.8 16.1

28 0.08 15 2.191 0.394 0.767 4.302 0.255 0.688 34.9 14.6 10.6

Nov. 4 0.11 15 2.280 0.468 0.375 3.992 ' 0.414 0.833 38.1 15.1 13.0
1 0.08 11 2.582 0.392 0.990 4.454 0.449 0.811 38.5 13.0 12.4

18 0.07 12 3.328 0.820 0.001 5.796 0.284 1.917 44.6 243.8 27.5

25 0.08 10 4.121 0,001 6.818 0.509 1.185 50.7 54.6 16.3

0.817
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@R. Bizen

DISCHARGE W. TEMP. CONCENTRATIONS OF WATER ITEMS (mg / liter)
DATE
(m*/s) ("C} NH,*-N NQ,-N NQO,~-N T-N PO=P T-P CI- b} CoD
Dec, 2 0.10 9 2.074 0.614 0.369 4.32% 0.485 0.977 43.8 21.3. 15.0
9 0.06 9 3.052 0.127 0.001 4.142 0.788 1.432 49.0 28.2 17.5
16 0.04 7 4.326 0.405 1.769 8.154 0.716 1.318 46.2 .39.6 16.8
23 0.09 7 5.696 0.246 1.730 7.886 0.676 1.157 52.7 21.1 15.4
29 0.06 8 3.302 0.012 (.00t 4.629 0.887 1.765 45.0 37.0 22.5
Jan. 6 0.13 9 3.257 0.203 0.933 7.531 0.230 0.800 3.7 210.6 22.5
13 0.07 9 3.452 0.650 0.328 6.966 0.358 1.468 43.4 132.9 33.0
20 - 0.08 6 4.753 0.304 1.585 7.5961 8.440 1.296 4.7 40.9 16.7
27 0.09 7 4.878 ¢.310 1.296 6.744 0.516 1.066 45.3 20.0 19.4
Feb. 3 6.07 7 4.874 0.337 1.390 6.858 0.655 1.353 50.6 34.5 26.3
10 0.08 6 4.285 0.330 1.864 6.654 0.686 1.214 49.9 27.7 25.7
17 0.08 9 5.128 0.303 1.240 6.745 0.740 1.432 462 19.4 22.3
24 0.10 8 3.854 0.284 1.611 7.309 G.619 1.288 42.8 16.3 18.4
Mar. 3 0.07 10 2.244 0.176 1.104 5.158 0.363 0.888 3L.3 28.7 15.4
10 0.10 11 3.586 0.887 0.402 5.478 0.492 1.133 44,2 19.7 17.8
17 0.04 13 3.406 0.885 0.312 5.651 0.636 1.208 41.3 19.5 20.0
24 0.07 15 2.733 0.673 0.023 4.531 0.452 1.027 41.2 22.6 17.2
3L 0.07 13 3.657 0.232 0.760 7.835 0.726 1.514 52.9 53.5 28.2
Apr. 7 0.08 15 3.680 1.126 0.001 7.140 0.795 1.296 37.2 23.9 21.5
14 0.07 16 4.111 1.112 0.108 7.390 0.852 1.481 56.3 10.4 21.5
21 0.06 16 2504 0.927 0.046 6.326 0.420 1.237 40.3 15.3 20.2
28 0.07 16 3.505 0.640 0.808 5.725 0.602 1.051 44.9 12.9 19.0
May 6 0.15 21 3.068 0.520 0.260 4.682 0.440 1.053 40.9 16.4 19.7
12 0.11 24 3.742 0.447 1.371 5.916 0.713 1.136 44.8 10.5 16.5
19 0.13 22 3.002 0.546 1.610 7.568 G.718 1.151 43.3 11.6 16.0
26 0.09 23 3.238 0.352 0.91% 5.182 0.661 0.961 47.0 11.5 16.3
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DISCHARGE W. TEMP. ' CONCENTRATION OF WATER ITEMS (mg / liter}
DATE
(m*/s) ("C) NH,*-N NO,"-N NO,-N T-N PO;=P T-P Cl- 55 COD
June 3 1.03 22 0.317 0.146 1.381 3.281 0.145 0.247 29.0 12.7 7.09
10 1.22 23 0.298 0.174 1.492 3.210 0.141 0.289 31.3 34.3 8.67
17 1.22 22 0.250 0.150 2.099 3.805 0.128 0.236 22.3 15.4 6.24
24 0.80 20 0.317 0.157 1.743 5.840 0.175 0.282 26.8 16.3 5.74
July 1 0.88 23 0.207 0.143 1.913 3.969 0.165 0.252 25.6 13.5 5.56
1.15 29 0.356 0.175 1.964 3.445 0.162 0.272 23.6 18.8 7.00
15 1.54 29 0.245 0.181 1.565 3.149 0.187 0.307 28.0 17.6 6.30
22 1.46 29 0.214 0.145 1.564 3.136 0.246 0.321 24.4 16.1 6.48
29 1.1l 29 0.128 0.134 1.908 3.376 0.223 0.269 26.8 11.0 5.45
Aug. 5 0.77 28 0.119 0.114 1.067 3.025 0.268 0.378 34.0 14.4 8.12
12 1.15 28 0.094 0.105 1.082 2.820 0.292 0.391 37.2 17.3 8.39
19 1.0 27 0.081 0.086 1.876 4.650 0.371 0.464 39.0 245 10.05
26 0.57 28 0.173 0.143 2,241 4.940 0.328 0.391 33.3 8.0 5.82 .
Sept. 2 0.47 27 0.910 0.200 1.749 3.901 0.392 0.469 35.3 6.9 4.63
9 0.79 24 0.295 0.077 1.917 3.504 0.184 0.273 24.0 11.4 5.92
16 0.53 22 0.254 0.153 2.695 5.070 0.219 0.396 36.2 6.0 4.32
24 0.42 23 0.310 0.192 2.289 4.120 0.212 0.266 334 6.3 4.11
30 0.55 20 0.262 0.161 2.204 3.542 0.364 0.418 37.7 3.8 3.73
Oct. 7 0.69 19 0.275 0.186 2.979 4.737 0.157 0.240 3.2 3.9 3.81
14 0.60 19 0.275 0.159 3.159 4.943 0.136 0.190 30.4 6.9 3.43
21 0.47 16 0.429 0.253 2.726 5.315 0.158 0.212 27.6 1.9 3.93
28 1.18 16 0.254 0.108 4.343 6.498 0.085 0.131 23.0 6.2 2.28
Nov.’ 4 0.95 16 0.301 0.100 3.228 6.306 0.086 0.136 24.5 1.2 3.42
11 0.71 13 0.343 0.127 3.443 6.083 0.079 0.136 24.3 5.4 2.63
18 0.57 12 0.440 0.176 4.080 7.907 0.173 0.173 291 2.1 2.93
25 0.56 10 0.447 0.155 4.591 9.807 0.219 0.249 3.5 4.3 3.69
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DISCHARGE W. TEMP. CONCENTRATIONS OF WATER ITEMS (mg / liter)
DATE

(m*/s} cC) NH,-N NO,-N NO,~-N T-N PO=P T-P Cl- S5 COD

Dec. 2 0.57 10 0.299 0.164 3.322 6.303 0.258 0,314 32.8 4.9 4.03

g 6.59 7 0.268 0.122 4.413 7.046 0.258 0.378 33.3 1.9 3.79

16 0.60 6 0.527 0.168 4.557 7.253 0.325 0.428 3.8 4.9 4.42

23 0.42 7 0.758 0.187 3.740 7.046 0.230 0.465 38.8 5.0 4.96

29 0.55 8 1.076 0.207 2.583 5.235 0.176 0.328 3.0 5.3 5.66

Jan. 6 0.46 ] 0.621 0.177 3.363 6.208 0.123 0.269 27.8 8.2 4.23
13 0.56 8 0.591 0.192 5.541 9.925 0.142 0.336 29.5 3.1 431 b
20 0.99 4 0.692 0.113 3.196 7.429 0.245 0.445 30.8 8.3 5.48 b
27 0.57 6 0.702 0.144 2,921 6.445 0.166 0.293 30.6 6.6 5.01 g
>.-
| Feh. 3 0.40 5 0.677 0.149 4,962 8.140 0.167 0.304 36.2 13.3 5.71 EJ_'_
§ 10 0.98 5 0.729 0.137 3.255 6.107 0.149 0.2711 38.2 9.6 6.25 B
| 17 0.62 7 0.944 0.142 2.686 5.273 0.167 0.308 38.5 8.2 6.84 'l'-g
24 0.76 7 0.829 0.114 2.502 4.707 0.113 0.227 33.5 8.0 6.05 3
bic]
Mar. 3 0.52 11 0.648 0.119 4.560 9.126 0.109 0.289 33.8 10.2 6.05 "l‘é
10 0.45 12 (.885 0.172 3.150 5.969 0.139 0.348 34.3 9.7 6.41 w

17 0.96 13 0.860 0.202 2.654 5.295 0.185 0.374 39.9 11.9 7.26

24 0.36 15 0.727 0.173 2.976 6.368 0.109 0.307 38.0 8.0 5.89

3 0.97 13 0.777 0.228 2.852 6.325 0.166 0.412 40.4 10.9 7.02

Apr. 7 0.45 13 1.277 (.455 3.375 7.548 0.166 0.354 40.0 12.6 7.10

14 0.36 16 0.826 0.480 2.943 6.753 0.163 0.363 =~ 42.2 8.6 8.71

21 0.79 14 0.276 0.098 2.382 5.71% 0.042 0.205 28.7 7.4 4.90

28 1.04 14 0.367 0.077 2,555 6.563 0.153 0.172 29.4 25.4 6.92

May 6 1.41 20 0.576 0.198 1.473 3.489 0.115  0.258 333 20.6 7.64

12 1.09 24 0.860 0.257 2.469 5.177 0.103 0.222 37.2 19.4 8.27

19 1.36 21 0.317 0.185 1.789 5.779 0.091 0.156 36.4 12.7 7.68

26 0.92 23 0.315 0.155 1.584 3.514 0.081 0.172 36.2 16.0 8.59
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®R. Seimei

: DISCHARGE W. TEMP. CONCENTRATIONS OF WATER ITEMS (mg / liter)
DATE
{m*/s) (C) NH,*-N NO,-N NO,-N T-N PO=P T-P ci- 55 COD
June 3 0.39 22 1.285 0.321 0.776 3.288 0.140 0.267 32.1 17.7 9.07
19 0.35 23 0.421 0.151 0.667 2.558 0.140 0.250 33.3 27.4 9.52
17 0.55 21 0.355 0.181 1.041 2.784 0.106 0.329 23.3 23.6 9.16
24 0.51 20 0.476 0.223 0.942 4,365 0.101 0.246 26.6 14.7 8.52
July 1 0.17 22 0.230 0.145 0.789 1.956 0.131 0.237 30.8 16.5 6.50
0.18 28 0.288 0.216 0.844 3.209 0.145 0.232 28.3 9.7 6.54
15 0.25 28 0.193 0.144 0.714 1.746 0.153 0.248 3.1 16.1 7.46
22 0.54 29 ¢.333 0.274 6.774 2.256 0.181 0.274 36.0 18.3 7.61
29 0.28 26 0.34% 0.205 0.828 1.892 0.220 0.249 29.9 8.2 5.10
Aug. 5 0.15 26 0.238 0.178 0.628 1.910 6.270 0.336 31.0 5.5 4.92
12 ¢.18 26 0.156 0.094 0.351 1.311 0.239% 0.324 31.9 7.0 5.03
19 0.20 26 0.138 0.156 0.591 1.932 0.280 0.316 33.7 9.1 4.59
26 0.18 27 0.308 0.308 0.804 2.766 0.222 0.261 31.1 5.7 .04
~ Sept. 2 0.28 27 0.568 0.349 1.184 2.957 0.214 0.295 35.3 9.2 4.48
9 0.5% 22 0.331 0.172 0.852 2.136 0.117 0.23% 21.9 15.2 7.12
16 0.29 22 0.330 0.260 1.129 2,764 0.162 0.247 32.5 7.0 4.91
24 0.26 22 1150 0.361 1.010 3.436 06.182 0.251 38.2 7.8 4.22
30 0.28 20 0.404 0.302 1.264 2.635 0.182 0.2713 36.9 9.6 4.3
Oct. 7 0.42 20 0.370 0.219 1.180 2.574 0.169 0.299 31.1 2.9 5.04
14 0.62 19 0.537 0.267 1.465 3.147 0.158 0.301 30.4 18.7 4.41
21 0.35 17 0.654 0.293 1.406 3.288 0.182 0.355 27.9 3.3 5.79
28 0.81 15 0.222 0.141 2.318 4.256 0.076 0.141 24.3 10.7 6.50
Nov. 4 0.95 15 0.142 0.146 1.770 3.34 0.083 0,177 24.4 15.7 0.76
11 0.56 11 0.313 0.176 1.958 3.408 0.070 0.166 23.5 7.0 16.33
18 0.31 12 1.353 0.173 1.951 4.250 0.149 0.224 26.8 5.0 4.80
25 1.21 11 1.004 0.205 1.922 5.331 6.178 0.252 29.1 3.8 4.04
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®R. Seimei

DISCHARGE W. TEMFE CONCENTRATIONS OF WATER ITEMS (mg / liter)
DATE
{m?*/ g) cC) NH,*-N NO,—N NQO,~—-N T-N =P T-P Cl- S5 COD
Dec. 2 0.53 10 0.883 0.171 1.573 3.482 0.093 0.225 28.4 8.1 4.86
9 0.39 10 1.169 0.170 1.507 5.555 0.182 0.529 26.8 7.4 7.35
16 0.25 9 1.574 0.178 1.507 4.102 0.145 0.376 28.8 15.4 6.05
23 0.25 9 2.136 0.170 1.154 3.782 0.243 0.386 30.9 6.9 5.74
29 0.20 9 1.570 0.117 1.284 3.332 0.179 0.397 27.5 8.8 6.32
Jan. 6 6.57 9 0.650 0.094 1.225 2.699 0.068 0.229 20.7 17.6 6.47
13 0.40 10 1.158 0.220 0.937 4.026 0.142 0.496 27.3 12.0 84.10
20 0.63 7 2.930 0.179 1.372 5.209 0.145 0.406 33.5 8.3 7.42
27 0.34 9 2.302 0.243 1.396 4.480 0.187 0.383 11 8.0 5.86
j‘ Feh. 3 0.20 8 2.853 0.192 1.333 4.675 0.199 0.416 30.5 19.7 6.91
v 10 0.35 9 2.138 0.162 1.343 3.795 0.185 0.409 31.8 10.0. 6.39
[ 17 0.27 11 5.120 0.198 1.109 6,482 0.295 0.564 31.2 10.2 7.4
24 0.30 9 2.095 0.174 1.581 4.674 0.164 0.411 21.5 15.3 6.65
Mar. 3 0.36 11 1.511 0.154 1.484 4.597 0.116 0.423 31.6 18.0 7.01
10 0.37 13 1.577 0.286 0,924 3.530 0.106 0.503 32.8 18.8 12.66
17 0.42 14 2.100 0.246 1.054 3.695 0.212 0.452 34.7 15.4 8.28
24 0.32 15 2.861 0.221 1.258 4.916 0.221 0.482 29.2 18.8 8.62
31 0.11 14 0.202 0.263 1.268 5.424 0.200 0.526 25.4 16.4 7.66
Apr. 7 0.19 15 2.760 0.234 0.925 4.463 0.223 0.474 25.9 15.8 7.08
14 0.27 16 1.219 0.204 0.995 2.937 0. 150 0,300 35.2 3.3 6.05
21 0.28 15 1.631 0.167 1.017 3.883 0.134 0.398 31.7 8.4 6.98
28 0.17 13 1.193 0.131 0.978 5.585 0.114 0.208 33.0 13.6 7.57
May 6 0.24 19 0.740 0.200 0.944 2.432 0.111 0.245 35.1 14.5 6.26
12 0.18 24 0.560 0,203 0.857 2.424 0.102 0.212 39.8 22.2 9.46
19 0.15 21 0.40% 0.156 0.858 4.562 0.105 0.173 36.9 20.9 8.80
26 0.14 22 0.413 0.139 0.917 2.454 6.113 0.209 40.0 12.5 8.89
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DISCHARGE W. TEMP CONCENTRATIONS OF WATER ITEMS (mg / liter)
DATE

(m*/s} C) NH,*-N NO.-N NO,~-N T-N PO=p T-P Cl- 58 COD

June 3 1.22 23 0.206 0.127 0.940 2.412 0.057 0.152 27.6 20.5 7.71
10 1.22 23 0.170 0.097 ¢.924 2.034 G.060 0.137 27.5 19.4 7.03

17 1.48 24 0.180 0.120 1,372 2.606 0.066 0.203 20 .4 9.2 9.58

24 1.35 22 0.148 0.112 1.250 4.032 0.054 0.107 28.3 30.4 6.14

July 1 1.25 23 0.102 0.074 1.033 2.044 0.052 0.105 21.5 14.1 6.08
8 0.80 29 0.119 0.963 0.880 1.723 0.062 0.104 31.0 8.2 5.92

15 0.89 29 0.088 0.061 0.801 1.616 0.058 0.086 21.9 7.5 6.00

22 1.06 29 0.088 0.055 0.669 1.497 0.062 0.108 23.8 11.0 6.65

29 1.61 29 0.089 0.036 0.642 1.200 0.065 0.076 22.7 9.2 5.41

Aug. 5 0.61 27 0.057 0.920 0.510 1.324 0.057 0.080 23.0 9.6 5.25
12 1.03 26 0.054 0.022 0.483 1.318 0.056 0.106 24.8 12.1 5.64

19 0.55 26 0.042 0.015 0.405 1.211 0.049 0.079 23.5 9.2 2.57

26 1.09 27 0.069 0.047 0.774 2.032 0.047 0.095 26.0 15.7 5.9

Sept. 2 0.90 28 0.184 0.052 0.927 1.687 0.061 0.082 22.9 8.0 4.22
9 1.97 21 0.176 0.068 1.073 2.193 0.056 0.164 19.% 24.8 6.88

16 0.48 23 0.390 0.171 0.309 2.570 0.060 0.090 63.2 5.8 3.73

24 .80 22 0.101 0.059 1.599 2.491 0.067 0.085 28.9 7.4 3.40

30 0.55 20 0.098 0.072 1.915 2.713 0.053 0.085 28.2 6.2 3.39

Oct. 7 0.93 20 0.126 0.077 2.128 3.236 0.057 0.094 31.5 2.0 3.597
14 1.48 19 0.104 0.091 2.541 3.910 0.044 0.100 36.1 15.4 6.20

21 1.27 16 0.069 0.082 2.366 3.922 G.054 0.098 51.1 2.7 3.45

28 2.66 15 0.097 0.059 6.190 6.458 0.026 0.068 22.8 14.8 3.12

Nov. 4 3.23 15 0.070 0.076 3.347 5.930 0.028 0.061 24.5 11.9 3.38
11 2.02 11 0.141 0.092 3.606 6.044 0.028 0.063 26.7 5.9 2.63

18 1.83 12 0.086 0.124 3.688 6.193 0.037 0.049 28.3 2.6 2.07

23 1.17 10 0.074 0.125 3.661 7.809 0.041 0.055 38.8 2.6 2.34
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DISCHARGE W. TEMP. CONCENTRATIONS OF WATER ITEMS (mg / liter}
DATE

(m*/5s) °Ch NH,”-N NO,-N NO;-N T-N PO=P T-P Cl- 55 CcoD
Dec. 2 1.88 9 0.158 0.112 3.037 5.236 0.026 0.050 38.0 3.8 2.57
9 1.12 9 0.199 0.114 3.067 5.594 0.028 0.527 38.0 35.6 4.96
16 1.01 6 0.229 0.191 2.887 4.416 0.187 0.247 33.5 2.8 3.33
23 1.23 8 0.258 0.074 2.522 4.235 0.036 0.074 31.1 2.2 2.72
29 0.85 9 0.195 0.057 2.445 3.687 0.031 0.107 26.7 17.4 4.18
Jan. 6 2.64 9 0.234 0.068 1.950 3.337 0.029 0.123 22.7 15.3 3.83
13 1.45 9 0.339 ¢.100 2.243 4,593 0.043 0,105 24.6 2.7 2.95
20 1.04 6 0.439 0.073 2.046 4.350 0.047 0.115 22.9 3.3 3.18
27 1.06 8 0.511 ¢.080 1.813 3.763 0.049 0.116 23.4 2.7 3.15
Feb, 3 0.82 7 0.527 0.065 1.778 3.627 0.065 0.129 24.2 2.0 3.44
10 0.77 7 (.558 0.073 1.981 3.542 0.054 0.109 25.9 2.6 3.46
17 0.81 8 0.491 0.081 1.858 3.365 0.057 0.124 25.6 3.1 3.88
24 1.17 7 0.316 0.069 2.049 3.304 0.045 0.095 23.7 1.7 3.77
Mar. 3 1.29 11 0.279 0.067 Z.016 4.306 0.036 6.135 33.6 2.8 3.72
10 1.17 13 0.403 ¢.100 1.786 3.161 0.048 0.168 26.1 2.7 3.38
17 1.21 14 0.515 0.135 1.607 3.180 0.066 0.181 24 .4 8.7 5.23
24 1.12 14 0.305 0.116 1.781 3.280 0.046 0.140 25.5 6.8 4,12
31 1.09 14 0.296 G.106 1.751 3.351 0.060 0.175 24.5 6.5 4.72
Apr. 7 0.74 14 0.230 0.121 1.498 3.290 0.057 0.148 22.6 4.7 4.48
14 0.55 " 16 0.335 0.132 1.634 3.074 0.052 0.113 28.6 8.5 4.4
21 1.54 14 0.242 0.129 1.985 3.724 , 0.036 0.150 24.2 7.7 4.84
28 1.27 15 0.198 0.220 1.858 5,585 0.044 0,094 25.2 10.5 5.83
May 6 1.34 21 0.257 0.193 1.426 2,685 0.052 (.15 28.2 15.3 7.18
' 12 1.22 25 0.303 0.273 1.513 2.915 0.048 0.098 34.0 9.7 7.53
19 1.76 23 0.315 0.208 1.050 4.506 0.065 0.104 33.7 15.1 7.43
26 1.02 25 0.136 0.116 0.843 1.924 0.047 0.113 n.z2 14.7 7.62
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DISCHARGE W. TEMP. CONCENTRATIONS OF WATER ITEMS (ng / liter)
DATE

{m?*/s) (C) NH,*-N NO,-N NO,™-N T-N PO=P T-P Cl- S5 COD
June 3 5.37 24 0.175 0.044 0.283 1.444 - 0.062 0.187 27.0 27.9 11.22
10 6.0% 24 0.269 0.062 0.343 1.799 0.068 0.202 28.7 32.8 12_44
17 5.70 25 0.300 0.083 0.474 1.838 0.059 0.275 27.5 45.3 12.09
24 7.30 22 0.136 0.457 0.083 2.5632 0.030 0.191 23.4 45.1 9.56
July 1 6.46 23 0.172 0.049 0.605 1.663 0.045 0.172 20.9 30.9 7.58
8 5.47 28 0.141 0.039 0.481 1.320 0.043 0.156 20.7 28.7 8.24
15 6.16 30 0.160 0.034 0.298 1.164 0.048 0.181 20.3 29.8 %.66
22 7.27 29 0.199 0.056 0.513 1.464 0.045 0,151 19.5 23.0 6.89
29 6.89 29 0.094 0.038 0.508 1.323 0.043 0.132 21.6 18.5 8.07
Aug. 5 3.28 27 0.162 0.031 0.322 1.206 0.051 0.135 245 18.7 6.71
12 _6.72 27 0.084 0.023 0.146 0.895 0.042 0.138 25.8 22.8 7.67
19 5.62 27 0.112 0.020 0.132 1.225 0.038 0.098 24 .4 16.5 5.38
26 — - 0.054 0.045 0.816 2.039 0.081 0.206 12,1 69.8 7.36
Sept. 2 0.96 29 0.899 0.048 0.204 1.372 0.064 0.151 35.8 18.2 9.2%
¢ 1.24 23 0.416 0.112 0.403 1.840 0.075 0.233 40.9 21.8 10.40
16 0.56 23 0.050 0.050 1.413 2.101 0.052 0.233 26.2 20.0 11.03
24 0.20 24 0.607 0.137 0.456 2.257 0.068 (.226 67.6 25.4 11.26
30 0.60 20 0.670 0.109 0.285 2.063 0.068 0.228 66.3 17.5 8.69
Oct. 7 0.88 20 0.796 0.117 0.387 2.013 0.073 0.213 64.6 10.1 8.67
14 2.77 20 0.724 - 0,103 0.580 2,224 0.061 6.220 61.6 17.3 8.77
21 0.82 17 0.441 6.121 0.848 2.609 0.072 0.258 73.7 16.0 9.70
28 1.69 14 0.504 0.038 0.307 1.517 0.065 0.185 41.2 13.8 7.7
Nav. 4 1.34 15 0.503 G.075 0.400 1.870 0.067 0.207 47.2 13.3 8.16
11 0.37 11 0.824 0.066 0.411 1.735 0.057 0.210 54.3 9.0 7.18
18 0.24 12 0.620 0.104 0.9504 2.821 0.072 0.199 66.6 10.0 7.96

25 0.34 9 0.507 0.054 0.417 2.364 0.101 0.267 71.6 12.0 8.27
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DISCHARGE ~ W. TEMP. CONCENTRATIONS OF WATER ITEMS (mg / liter)
DATE

(m/s) 0 NH-N NO/ N NO/-N  T-N PO;P T-P  CF Ss  CoD

Dec. 2 2.04 8 0.599 0.061 0.520 1.892 0.047 0180  57.7  12.2  7.47
9 0.55 9 0.567 0.055 0.881 2.712 0.067  0.263  68.9 121  7.80

16 0.90 5 0.729 0.049 0.979 2943 0.068 0288  70.8 137 8.3

23 0.38 7 0.666 0.051 0.587 4.054 0.0  0.285  67.9 144 9.30

29 0.31 8 0.676 0.057 1.024 2.908 0.077 0325  75.0 106 8.9

Jan. 6 0.75 8 0.735 0.068 0.695 2.322 0.073  0.295 4.3 140 7.7
13 0.87 9 0.527 0.044 0.421 2.184 0.048 0255 593 175  8.82

20 1.09 5 0.784 0.055 1.038 3.562 0.0 0271 631 107 9.1

27 0.44 6 0.644 0.046 0.616 2.677 0.066 0224  73.0 97 9.8

Feb. 3 0.90 5 0.668 0.043 0.574 2.416 0.062 0228 7.2 128  9.34
10 0.89 6 0.881 0.060 1.051 3.137 0.059  0.261 1006 234  9.33

17 0.95 7 0.802 0.049 0.527 2.555 0.06  0.18 511  Il.4  10.74

2 0.36 7 1.257 0.053 0.429 2.770 0.069  0.251 7.2 148  9.90

Mar. 3 0.57 10 1.076 0.051 0.459 2.589 0.040 0303 547 144 8.5
0 .0.78 13 1.155 0.057 0.310 2.070 0.052 0277 677 148  8.74

17 0.64 13 1.107 0.096 0.476 2.544 0.083  0.30 616 2.2 10.65

24 0.79 15 0.747 0.089 0.590 2.572 0.047 0208 495 194  10.31

31 0.73 15 0.640 0.103 0.880 3.139 0.062  0.421  53.2 2.4  11.55

Apr. 7 0.40 15 0.391 0.129 0.539 3.150 0.084 0348 549 247  12.90
1 9.57 15 0.311 0.072 0.364 1.647 0.052  0.178 436 7.6  B8.57

21 2.17 15 0.229 0.061 1.307 2.831 0.022 0189 348 155  8.04

2% 3.95 14 0.796 0.074 1.364 5.540 0.030 0234 3.2 428 9.2

May 6 6.28 20 0.686 0.203 1.017 2.753 0.03 0220 4.9 281  10.64
12 5.64 25 0.310 0.147 0.740 1.929 0.00 0108 355 2.5  10.13

19 4.97 22 0.246 0.078 0.369 3.844 0.00 0126 371  23.8  10.38

2 6.21 24 0.283 0.078 0.364 1.878 0.046 0179 30.8 283 10.79
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